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ABSTRACT 


The  results  of  an  in-flight  investigation  of  the  short-period  handling 
qualities  requirements  for  the  up-and-away  portion  of  the  mission  of  a  wheel- 
controlled  airplane  with  a  low  to  medium  load  factor  are  reported  and  discussed. 
Two  groups  of  configurations  with  constant  short-period  damping  (  £sp  ~  .7)  but 
different  ri^/ct's  and  / ' s  were  investigated.  A  brief  study  was  conducted 
to  determine  the  effect  on  the  airplane  handling  qualities  of  variations  in 
stick  motion  per  normal  acceleration  and  the  PIO  tendencies  resulting  from  a 
reduction  in  short-period  damping  from  *  .7  to  »  .1.  The  results  are 
presented  in  terms  of  pilot  rating  and  pilot  comment  data.  Comparisons  with 
the  proposed  Recommendations  for  Revision  of  MI L-F-8785 (ASG)  "Military 
Specification  -  Plying  Qualities  of  Piloted  Airplanes"  are  made  and  the  data  is 
correlated  with  various  suggested  short-period  handling  qualities  criteria. 

The  vehicle  used  for  the  in-flight  evaluation  was  a  three-axis  variable  stability 
T-33  equipped  with  a  wheel  controller. 
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SECTION  I 
INTRODUCTION 


The  purpose  of  the  investigation  reported  herein  was  to  examine  the 
longitudinal  handling  qualities  a  selected  range  of  dynamic  flight  charac¬ 
teristics  for  an  airplane  with  a  low  to  medium  limit  load  factor  utilizing  a 
wheel  controller.  The  parameters  varied  were  v  ,  <oSP  and  ^/ ^  • 

This  experiment  was  designed  primarily  to  support  concurrent  work  being 
performed  on  Reference  1,  "Recommendations  for  Revision  of  MIL  SPEC-F-8785 
(A?d)  Military  Specification  -  Flying  Qualities  of  Piloted  Airplanes."  Much 
work  has  been  done  to  define  the  longitudinal  handling  qualities  of  airplanes 
in  terms  of  short -period  frequency  and  more  recently  in  terms  of  short-period 
frequency  and  .  Unfortunately  this  work  has  been  divided  between  low  to 
medium  load  factor  airplanes  with  wheel  controllers  operating  at  low  values  of 
Vz/v  (max  ~  12)  and  high  load  factor  fighter  type  airplanes  wivh  center  stick 
controllers  operating  at  highn^/a’s.  For  this  reason  the  present  experiment 
was  conducted  to  extend  the  investigation  of  wheel-controlled  airplanes  with 
low  to  medium  load  factors  to  higher  values  of  . 

This  was  accomplished  by  installing  a  wheel  controller  in  a  variable 
stability  T-33  airplane,  defining  a  flight  mission  compatible  with  a  low  to 
medium  load  factor  airplane  and  establishing  a  moderate  maximum  r-.llowable  "g" 
limit . 

In  support  of  Reference  1,  the  MIL-F-8785  revision,  each  configuration 
was  evaluated  twice.  The  first  evaluation  was  performed  at  a  fixed  value 


of  F. 


hj 


This  fixed  value  was  constrained  to  lie  within  the  Fs  / 


limits  of  Reference  1  and  varied  as  a  function  of  <JSP  according  to  the 'results 
of  Reference  2.  On  the  second  evaluation,  the  pilot  was  allowed  to  select 

he  considered  to  be  the  optimum.  The  two  results  are 


the  value  of 
compared. 


Additional  objectives  of  the  program  were  to  take  a  brief  look  at  pilot 
induced  oscillation  (PIO)  problems  as  they  relate  to  a  wheel  controller  and  to 
examine  variations  in  pilot  opinion  with  changes  in  the  wheel  motion  gradient 
while  holding  stick  force  per  "g"  constant. 


This  report  includes  a  detailed  description  of  the  experiment,  eval¬ 
uation  procedure,  test  program  and  equipment  used,  and  discusses  the  maneuvers 
performed  and  the  airplane  parameters  varied.  The  experimental  results  are 
presented  in  the  form  of  pilot  comments  and  pilot  ratings. 


SECTION  II 

TECHNICAL  DISCUSSION 


To  adequately  describe  the  effect  of  varying  any  handling  qualities 
parameter,  it  would  be  ideal  if  the  effect  of  the  varied  parameter  could  be 
directly  related  to  the  airplane  responses  the  pilot  is  attempting  to  control. 
Although  much  work  has  been  done  to  define  which  longitudinal  response,  6  ,  » 
or oc  ,  is  most  important  in  a  particular  flight  regime  there  still  remains  * 
considerable  controversy  as  to  which  is  best.  Much  original  longitudinal 
handling  qualities  work,  References  3-5,  attempted  to  define  acceptable  longi¬ 
tudinal  handling  qualities  in  terms  of  the  longitudinal  transfer  function 
denominator  characteristics,  i.e.,  assuming  constant  speed,  in  terms  of  short- 
period  frequency  and  damping.  More  recent  handling  qualities  research,  References 
6-10,  have  shown  the  importance  of  the  parameters ,  v  and  as  well  as 

“'sp  and  £SP  .  As  indicated  in  Reference  7,  it  is  equally  important  to  specify 
desirable  numerator  characteristics  as  it  is  to  specify  denominator  character¬ 
istics  . 


References  5,  8,  9  and  12  indicate  that  the  pitch  rate  response  is  of 
primary  importance  during  low-speed  maneuvering  and  that  the  control  of  normal 
acceleration  is  of  primary  importance  at  high  speeds.  This  leads  to  the 
conclusion  in  References  8  and  9  that  the  short -period  frequency  should  be  a 
function  of  ^  at  low  speeds,  (when  ju  is  low),  and  a  function  of  when 

^,/o.is  large.  Reference  12  attempts  to  combine  the  effects  of  the  pitch  rate 
and  normal  acceleration  responses  to  a  step  stick  force  command  that  is  a 
weighted  sum  of  both  6  and  .  This  combination  of  responses  is  further 
developed  in  Reference  13  to  define  a  relationship  between  initial  pitch  accel¬ 
eration  and  steady  state  normal  acceleration.  References  10  and  13  relate  this 
parameter  to  short-period  frequency  and  .  The  present  report  will  show 

the  correlation  of  the  experimental  data  obtained  during  this  investigation 
with  each  of  the  recommended  criteria. 


Reference  6  showed  through  a  ground  simulator  program  that  a  change  in 
true  speed  at  a  constant  <•*.  caused  a  variation  in  pilot  rating.  The  changes 
in  4-oc  or  '/T^in  the  present  investigation  were  obtained  through  a  variation  in 
velocity,  therefore  it  is  difficult  to  determine  what  change  is  most  directly 
responsible  for  the  variation  in  pilot  rating,  i.e.,  the  change  in  the 

change  in  true  velocity.  Unfortunately,  all  in-flight  variable  stability 
handling  qualities  data  obtained  at  different  values  of  / ct  or  have  used  a 

speed  variation  to  obtain  the  desired  ^  or  >/ralC.  changes.  This  method  being 
used  primarily  because  of  the  performance  limitations  imposed  by  the  large 
altitude  changes  required  to  cause  a  significant  change  in  p  .  With  this  in 
mind,  it  is  worthwhile  to  look  at  the  constant -speed  longitudinal  transfer 
functions  as  they  are  affected  by  variations  in  f/r  and 'or  velocity. 
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The  following  simplified  transfer  functions  are  developed  in  Appendix  I 
and  do  not  assume  that  the  lift  due  to  elevator  deflection,  negligible. 
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It  follows  that  n  / cc  is: 
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Time  histories  have  been  calculated  to  show  the  effect  on  the  longitu¬ 
dinal  responses  of  varying  some  of  the  parameters  in  the  above  transfer 
functions.  The  input  was  an  elevator  step  with  amplitude  adjusted  to  provide 
the  same  steady  state  normal  acceleration  for  each  set  of  responses. 

If/fyand  other  factors  could  be  varied  without  changing  velocity  so 
that  the  <*•/  <f<.  transfer  function  could  be  kept  unchanged,  i.e.,  and  M ^ 

remain  constant,  then  the  transfer  function  would  change  only  by  a 

proportional  constant  but  the  6  /  <?<*  transfer  function  would  change  in  phase 
as  well  as  amplitude  since  7/ja  appears  as  a  numerator  zero.  As  shown  in 
Appendix  I,  for  a  sine  representation  of  the  short -period  oscillatory  roots, 

the  phase  angle  of  the  6  response  at  the  short-period  frequency  can  be 

expressed  as: 
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The  ratio  of  the  maximum  pitch  rate  overshoot  to  the  steady  state  value 
can  be  expressed  as: 
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In  the  time  histories  shown  in  Figure  1,  the  value  of///>?has  been  doubled  while 
holding  V  ,  ,  sJP  and  constant .  Note  that  the  amplitude  of  the  elevator 

step  input  has  been  adjusted  to  provide  the  same  steady  state  ^  response.  The 
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increased  angle  of  attack  response  required  to  produce  the  same  Hy  response 
at  the  lower  ,/T0z  is  readily  apparent  as  well  as  the  decrease  in  pitch  rate 
overshoot  for  the  higher  Zr6jt  .  The  phase  shift  in  the  6  response  can  be 
observed  by  comparing  the  relative  difference  in  time  between  the  two  peak  9 
values.  It  can  also  be  seen  that  there  is  no  change  in  phase  in  the  cl  and 


■n  responses. 


There  is  also  a  large  change  in  the  initial  pitch  acceleration. 


If  it  were  further  possible  to  vary  velocity  while  holding  /t^z  ,  ^p  , 
fjp  and  constant,  there  would  be  a  change  in  the  relative  magnitudes  of  the 
ct  and  &  responses  with  respect  to  the  v  response.  The  magnitude  changes  are 
proportional  to  the  velocity  change. 


The  time  histories  in  Figure  2  show  the  effect  of  doubling  the  velocity 
while  holding  Vt^  ,  ^/>and  ^^constant  and  adjusting  the  elevator  step  input 
to  normalize  the  steady  state  r?  y  response.  Thus  the  only  effect  of  a  change  in 
velocity  under  these  conditions  is  to  change  the  relative  magnitudes  of  the 
responses  with  respect  to  each  other  and  does  not  affect  their  shape  or 
phasing. 


Since  it  was  necessary  in  this  experiment  to  vary  the  velocity  to  change 
^7^^,  it  is  necessary  to  consider  the  combined  effects  that  changes  in  velocity 
and  ifreL  have  on  the  responses.  The  time  histories  in  Figure  3,  which  are 
normalized  with  respect  to  the  steady  state  response,  show  the  combined 
effect  of  doubling  the  velocity  and  Vt9  while  holding  %SP  and  constant .  We 
can  conclude  that  a  change  in  velocity  and  at  a  constant  short-period  fre¬ 
quency  and  damping  ratio  results  in  three  major  changes.  The  amplitudes  of  the 
various  responses  are  changed  with  respect  to  one  another,  the  ratio  of 
to  0SS  is  changed  and  the  phasing  of  the  pitch  rate  response  with  respect  to 
the  other  responses  is  changed.  Thus  for  a  constant  short-period  frequency  and 
damping  ratio,  the  phase  relationship  of  the  responses  will  vary  only  as  a 
function  of  Zt6  z  .  Also  the  initial  value  theorem  (Appendix  I)  can  be  used  to 
show  that  for  a  step  input  9t/<?c  -  .  Thus  when  normalizing  with  respect  to 

^  steady  state,  a  change  in  velocity  directly  affects  the  sensitivity  of  the 
longitudinal  response,  and  correlating  flight  test  data  with  9g  to  some  extent 
accounts  for  the  change  in  velocity. 

With  this  background,  consider  the  effect  a  change  in  short-period  fre¬ 
quency  will  have  on  each  of  the  transient  responses  while  holding  the  damping 
ratio,  '/r<,z  and  velocity  constant.  The  time  histories  in  Figure  4  show  the 
effect  of  doubling  the  short-period  frequency  while  holding  ,  Zt6j  and  V 

constant  and  normalizing  with  respect  to  ^  steady  state.  It  can  be  seen  that 
the  pitch  rate  overshoot  has  changed  quite  markedly  and,  though  not  so  otvious 
because  of  the  change  in  period,  the  phasii  g  of  the  9  response  has  changed  but 
not  those  of  the  a.  and  ^  responses.  The  initial  pitch  acceleration  has  also 
changed.  Thus  a  change  in  short-period  frequency  at  a  constant  '/Te  ,  and 

velocity  results  in  a  change  in  phase  of  the  0  response  with  respect  to  the 
other  responses  and  a  change  in  the  ratio  of  to  &ss  . 
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If  we  consider  for  the  moment  that  the  pilot  is  a  linear  controller, 
then  he  is  capable  of  compensating  for  the  changes  in  velocity  that  occur  at 
a  constant  ’/t6j  ,  cjsp  and  by  adjusting  his  gain;  however,  he  cannot  compen¬ 
sate  for  the  change  in  the  phasing  of  the  6  response  that  results  from  a 
change  in  by  changing  his  gain  only.  Since  a  change  in  at  a  constant 
'/re*  and  does  result  in  a  shift  in  the  phase  of  the  &  response,  it  is 
possible  that,  for  a  change  in  Yr&  ,  the  pilot  will  find  as  optimum  the 
short-period  frequency  that  gives  the  desired  phasing  of  the  responses. 

Consider  the  results  of  selecting  a  short-period  frequency  that  results 
in  the  same  phasing  of  the  responses  at  a  different  but  at  the  same 
damping  ratio.  The  transient  responses  in  Figure  5  which  are  normalized  with 
respect  to  ^steady  state  show  the  effect  of  doubling  t/r#  ,  and  1/  while 

holding  /(vo  constant.  It  can  be  seen  that  each  of  the  responses  has  the  same 
shape,  that  the  initial  pitch  accelerations  are  the  same,  that  the  ratio  of 
to  is  a  const  int  and,  although  it  is  less  obvious,  the  phasing  of 

the  responses  is  the  same.  This  means  that,  at  a  constant  short-period 
damping  ratio,  a  constant  value  of  cjJ/0  insures  that  two  of  the  important 
characteristics  of  the  0  response  (  and  )  will  be  constant. 

Since  the  phase  angle  of  the  9  response  includes  the  effects  of  coJP  ,  %SP 
and  ,  this  would  possibly  allow  short -period  frequency  requirements  as  a 

function  of  $JP  and  to  be  expressed  in  terms  of  an  optimum  phase  angle  of 
the  6/ transfer  function  at  the  short-period  frequency.  Unfortunately  this 
experiment  was  conducted  at  a  constant  short -period  damping  ratio  so  that  only 
those  conclusions  that  apply  to  a  constant  damping  ratio  can  be  reached. 
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SECTION  III 

DESCRIPTION  OF  THE  EXPERIMENT 


3.1  TEST  PROGRAM 

The  primary  purpose  of  this  test  program  was  to  study  the  effects  of 
'/r6z  and  V0  ,  or  **}/ oc  ,  on  the  longitudinal  short-period  handling  qualities 
for  a  low  to  medium  load  factor  airplane  with  a  wheel  controller. 

The  short-period  investigation  was  accomplished  by  varying  the  longitu¬ 
dinal  short -period  frequency  at  a  constant  damping  ratio  C  %sp  ~  .7)  for  two 
values  of  (16.5  and  56.2).  The  handling  qualities  were  evaluated  by  two 

different  evaluation  pilots  in  a  variable  stability  T-33  airplane  equipped 
with  a  wheel  controller. 

The  variation  in  was  obtained  by  flying  the  T-33  variable  stability 

airplane  at  two  different  indicated  airspeeds  at  5500  feet  pressure  attitude. 

As  shown  in  Appendix  II,  and  *5^  are  functions  of  weight  as  well  as  air¬ 

speed.  Therefore,  speed  variations  were  made  as  fuel  was  consumed  to  keep  the 
values  of  and  v7^  within  acceptable  bounds.  The  average  indicated 

airspeeds  were  225  knots  and  372  knots,  corresponding  to  true  airspeeds  of 
411  ft/sec  and  685  ft/sec  respectively.  The  minimum  (16.5)  used  was 

determined  by  the  minimum  speed  at  which  the  T-33  could  pull  2  g's  without  entering 
stall  buffet.  The  maximum  (56 . 2)  used  in  this  experiment  was  determined  by 
the  maximum  speed  at  which  sufficient  thrust  was  available  for  maneuvering. 

At  the  (16.5),  the  short -period  frequency  was  varied  from 

2  rad/sec  to  8  rad/sec.  At  the  high  (56 . 2) ,  the  short-period  frequency 
was  varied  from  3  rad/sec  to  14  rad/sec.  The  limitations  on  the  natural 
frequencies  which  could  be  obtained  were  determined  by  the  limitations  on 
the  elevator  gain  settings.  The  variations  in  damping  ratio  from  a  nominal 
*jp  of  0.7  were  primarily  a  function  of  the  accuracy  with  which  the  variable 
stability  gain  setting  could  be  estimated  to  keep  the  damping  and  frequency 
constant  as  a  func'  on  of  fuel  remaining. 

The  two  groups  of  configurations  evaluated  had  the  following  nominal 
characteristics : 


Group 

^  (—) 

T  \ySecS 

'/Toz  (fee') 

** 

<^sp  (ra%sec) 

I 

16.5 

411 

1.29 

0.7 

2  to  8 

II 

56.2 

685 

2.65 

0.7 

3  to  14 

The  flight  program  was  conducted  in  essentially  two  parts.  Each  con¬ 
figuration  was  evaluated  at  a  fixed  value  of  This  fixed  value  was 

constrained  to  lie  within  the  ^ew/ 77^  limits  of  Reference  1  and  varied  as  a 
function  of  short-period  frequency  according  to  the  results  of  the  experiment 
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in  Reference  2.  The  desired  variation  is  shown  below: 
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The  evaluation  pilot  was  then  given  the  opportunity  to  select  the  he 

considered  to  be  optimum  and  evaluate  the  configuration  a  sec >nd  time.  'The 
value  of  was  held  constant  at  1  in./g. 

<7 

Two  additional  in-flight  experiments  were  performed.  One  was  a  brief 
study  of  PIO  problems  that  result  for  a  low  value  of  short-period  damping. 

This  was  accomplished  by  having  one  evaluation  pilot  evaluate  three  different 
short-period  frequencies  at  the  low  ”y/<L  and  three  at  the  high  ny/ ,  for  a 
short-period  damping  ratio  of  0.1.  Each  of  these  configurations  was  evaluated 
twice,  once  at  a  fixed  Fsw/V%  and  then  again  at  the  ”,  selected  by  the 

evaluation  pilot.  The  second  additional  experiment  was  a  study  of  how 
variations  in  wheel  motion,  while  holding  wheel  force  per  "g"  constant,  affected 
the  short-period  handling  qualities.  This  was  accomplished  by  taking  a  "good" 
low  t’-i/ol  configuration  that  had  been  evaluated  at  1  in./g  and  evaluating  it  at 
2,  3,  and  4  in./g. 
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A  set  of  "good"  lateral-directional  characteristics  was  selected  for 
the  Group  I  configurations  and  a  different  but  equally  "good"  set  for  the 
Group  II  configurations  These  characteristics  were  held  constant  within  the 
variations  caused  by  fuel  remaining  (i.e.,  no  attempt  was  made  to  correct  the 
lateral-directional  characteristics  as  fuel  was  used).  The  following  nominal 
lateral-directional  characteristics  were  used: 


The  following  lateral-directional  feel  system  characteristics  were  also  held 
constant  for  both  groups  evaluated: 


AILERON 

RUDDER 

cO  =25  rad/sec 

Af 

4=  o-70 

a£-  •«  »>/<••* 

=25  rad/sec 

r  =  0 . 70 

S'/fp 

n  -  120  lbs/in. 

°  HP 

3.2  EVALUATION  PROCEDURE 

The  short-period  handling  qualities  investigation  was  conducted  with  two 
evaluation  pilots.  Because  the  selection  of  f£w/ to  be  an  important  part 
of  the  evaluation  program,  it  was  advisable  to  have^  two  pilots  with  varied 
experience  to  participate  in  this  part  of  the  experiment.  Since  each  pilot 
evaluated  the  same  configurations,  the  pilot  ratings  could  be  compared  directly 
The  flight  experience  of  the  evaluation  pilots  is  summarized  below. 


Pilot  A  -  Cornell  Aeronautical  Laboratory  Evaluation  Pilot  with  extensive 
engineering  and  in-flight  demonstration  experience  in  variable 
stability  airplanes.  The  majority  of  his  flight  experience  of 
4050  hours  has  been  in  low  to  medium  load  factor  multi-engine 
airplanes . 
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Pilot  B 


-  Cornell  Aeronautical  Laboratory  Evaluation  Pilot  with  extensive 
experience  as  an  evaluation  pilot  in  handling  qualities  investiga¬ 
tions  employing  variable  stability  airplanes  and  ground  simulators. 

His  flight  experience  of  4500  hours  includes  over  2000  hours  in 
low  to  medium  load  factor  multi-engine  airplanes.  However,  the 
majority  of  his  diversified  flight  experience  has  been  in  fighter 
type  airplanes. 

Since  large-airplane  characteristics  were  being  simulated  in  a  small 
airplane  equipped  with  a  wheel  controller,  it  was  necessary  to  clearly  define 
the  airplane  mission  requirements  before  any  meaningful  evaluation  of  the 
handling  qualities  could  be  accomplished.  The  airplane  evaluated  was  consid¬ 
ered  to  have  a  low  to  medium  load  factor  (+5  g) ,  to  be  flown  with  a  wheel 
controller,  and  to  be  in  the  50,000  to  100,000  ?b  category.  The  mission  was 
expected  to  include  many  hours  in  straight  and  level  flight  with  the  possibility 
of  straight  and  level  or  small-angle  (10°  maximum)  dive  bomb  deliveries.  It 
was  expected  that  the  airplane  would  be  able  to  fly  formation  well  enough  to 
permit  air-to-air  refueling  and  maneuverable  enough  to  perform  low  altitude 
terrain  following.  The  airplane  should  also  be  able  to  perform  the  reconnaissance 
mission,  which  requires  precise  altitude  and  airspeed  control.  It  was  considered 
as  possibly  a  multi-manned  airplane  but  perhaps  with  only  one  pilot,  which  would 
mean  that  the  pilot  would  have  to  perform  more  cockpit  duties  than  in  a  multi- 
piloted  airplane.  The  mission  as  described  above  was  discussed  at  length, 
individually  and  collectively,  with  the  evaluation  pilots  to  ensure  that  each 
pilot  was  evaluating  the  configurations  for  the  same  mission  requirements. 

Although  the  mission  involves  many  tasks,  an  evaluation  of  the  vehicle 
handling  qualities,  regarding  their  suitability  for  the  mission,  can  be 
accomplished  by  having  the  evaluation  pilots  perform  a  series  of  maneuvers 
representative  of  those  tasks  anticipated  in  the  mission.  The  representative 
tasks  employed  in  this  evaluation  program  included  only  the  up-and-away 
maneuvering  requirements  for  the  mission  in  visual  flight.  Tasks  not  adequately 
simulated,  such  as  formation  flying,  in-flight  refueling  and  instrument  flying, 
were  assessed  on  the  basis  of  the  evaluation  maneuvers  performed.  The  terminal 
tasks  of  approach  and  landing  were  not  included.  The  piloting  tasks  used  to 
evaluate  the  configurations  were  performed  at  two  nominal  flight  conditions, 

225  knots  and  372  knots  indicated  airspeed  at  5500  feet. 

The  evaluation  pilot  was  instructed  to  perform  the  following  tasks: 

1.  Check  ability  to  trim  and  to  perform  small  perturbation 
maneuvers  about  level  flight. 

2.  Pitch  attitude  tracking  -  Check  ability  to  acquire  and 
maintain  desired  attitude  within  ±10  degrees  from  level. 

3.  Check  ability  to  acquire  and  stabilize  on  a  new  altitude. 
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4.  Symmetrical  pullups  and  pushovers  -  +1  incremental  "g". 

5.  Turning  flight  -  constant  altitude. 

a.  Small  bank  angles  (less  than  10°). 

b.  Large  bank  angles  (up  to  45°). 

6.  Climbing  and  descending  turns. 

7.  Attitude  command  tracking  tasks. 

8.  Check  handling  qualities  with  disturbance  inputs. 

The  evaluation  pilot  performed  these  maneuvers  in  order,  making  comments  as  he 
desired  on  the  wire  recorder. 

Two  attitude  tracking  tasks  were  used  to  aid  the  pilot  in  his  evaluation. 
The  first,  or  discrete-error,  pitch  attitude  tracking  task  was  mechanized  by 
displaying  the  error  between  the  actual  pitch  attitude  and  a  programmed  pitch 
attitude  command  signal  on  a  horizontal  needle  in  the  Lear  remote  attitude 
indicator.  The  pitch  attitude  command  signal  is  shown  in  the  sketch  below, 
and  the  attitude  indicator  in  Figure  3.  The  signal  commanded  pitch  attitudes 
up  to  +5  degrees,  which  represented  full  scale  (+1  inch)  deflection  of  the 
tracking  needle.  The  attitude  changes  presented  to  the  pilot  were  a  sequence 
of  step  and  ramp  inputs.  This  combination  of  inputs  was  used  primarily  to 
keep  the  airspeed  variations  in  bounds  during  the  tracking  task.  To  keep  the 
error  to  a  minimum  the  pilot  had  to  maneuver  rapidly  and  precisely.  The 
duration  of  the  tracking  task  was  controlled  by  the  evaluation  pilot;  however, 
the  programmed  signals  repeated  every  four  minutes.  This  repetition  period 
was  considered  long  enough  to  prevent  the  pilot  from  anticipating  the  magnitude, 
direction  and  time  of  each  succeeding  command. 
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The  second,  or  random-error,  pitch  attitude  tracking  task  was  mechanize 
by  displaying  the  error  between  the  pitch  attitude  and  that  commanded  by  the 
random  noise  signal  similar  to  the  one  shown  below.  This  task  required  the 
pilot  to  continuously  maneuver  the  airplane  to  keep  the  error  to  a  minimum. 
Maximum  pitch  attitude  commanded  was  +3.5  degrees.  This  value  was  selected 
during  the  calibration  phase  of  the  program  and  remained  constant  for  both 
groups  of  configurations. 

o 


UJ 


RANDOM-ERROR  PITCH  ATTITUDE  COMMAND  SIGNAL 


o 

o 

As  part  of  the  evaluation,  the  pilot  was  asked  to  look  at  the  config¬ 
uration  in  the  presence  of  random  disturbance  inputs.  The  random  noise 
generator  described  in  Section  IV  was  used  to  supply  disturbance  inputs  to  all 
three  control  surfaces  (ailerons,  elevators  and  rudder).  The  magnitude  of  the 
random  input  to  the  ailerons  and  rudder  remained  constant  but  at  a  different 
value  for  the  two  flight  conditions  evaluated.  The  inputs  to  the  elevator 
were  varied  as  a  function  of  short -period  frequency,  as  shown  below.  This 
variation  was  incorporated  because  the  airplane  is  more  difficult  to  disturb 
with  the  elevator  as  the  short-period  frequency  of  the  airplane  is  increased. 
During  the  calibration  phase,  acceptable  magnitudes  for  the  random  disturbance 
were  obtained  for  a  number  of  short-period  frequencies  and  the  relationships 
shown  below  were  developed  and  used  to  determine  the  random  input  levels  to  be 
used  at  the  remaining  short-period  frequencies.  It  should  be  pointed  out  that 
the  random  noise  inputs  do  not  and  are  not  intended  to  simulate  realistic 
atmospheric  turbulence.  The  elevator  can  only  provide  pitching  inputs  and 
thus  cannot  provide  the  heaving  motion  normally  experienced  in  turbulence. 

The  random  noise  inputs  do  provide  the  pilot  with  an  additional  and  valuable 
evaluation  aid. 
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Pilot  comments  were  recorded  at  any  time  the  pilot  felt  comments  were 
appropriate  and  at  the  end  of  the  evaluation.  The  pilot  was  asked  for  all 
evaluations  to  comment  on  the  specific  items  listed  on  the  Pilot  Comment  Card, 
Table  I,  as  well  as  to  make  summary  comments  and  to  assign  an  overall  pilot 
rating  and  a  PIO  (pilot-induced  oscillation)  rating  to  each  configuration. 

The  pilot  assigned  a  PIO  rating  to  the  airplane  according  to  the  six- 
point  rating  scale  established  in  Reference  2  and  shown  in  Table  II.  The  PIO 
rating  has  meaning  only  because  of  the  words  associated  with  it  from  the  rating 
scale  and  acts  only  as  a  convenient  shorthand  to  discuss  the  tendency  of  the 
airplane  toward  pilot-induced  oscillations. 

An  overall  pilot  rating  was  assigned  by  the  pilot  to  the  configuration 
in  accordance  with  the  ten-point  rating  scale  established  in  Reference  13  and 
shown  in  Table  III.  This  rating  included  the  effects  of  the  random  disturb¬ 
ances.  Once  again,  the  pilot  rating  number  assigned  to  a  configuration  is 
dependent  on  the  words  from  the  rating  scale  associated  with  it.  Reference  13 
gives  an  excellent  description  of  the  process  an  evaluation  pilot  uses  to 
determine  a  pilot  rating.  Briefly,  the  pilot  decides  whether  the  configuration 
is  controllable  or  uncontrollable  in  the  required  mission.  If  it  is  deemed 
controllable,  it  is  then  assigned  to  the  acceptable  or  unacceptable  category. 

If  the  configuration  is  considered  to  be  acceptable,  it  is  then  determined  to 
be  satisfactory  or  unsatisfactory  and  is  further  broken  down  according  to  the 
descriptive  phrases  that  most  adequately  describe  the  handling  qualities.  If 
a  configuration  is  considered  to  be  unacceptable,  the  pilot  is  primarily  eval¬ 
uating  its  controllability  in  performing  the  mission. 

For  both  the  PIO  rating  scale  and  the  pilot  rating  scale,  half  ratings 
were  used  when  the  evaluation  pilot  felt  that  a  given  configuration  did  not 
exactly  fit  in  one  of  the  described  categories.  As  a  matter  of  convenience, 
the  letters  in  front  of  the  pilot  ratings  have  been  dropped  when  discussing  the 
pilot  ratings  and  on  the  figures  in  this  report. 
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The  configurations  were  essentially  evaluated  in  a  random  manner  with 
normally  three  configurations  evaluated  on  each  evaluation  flight.  Because  of 
the  attempt  to  keep  njl°L  and  within  prescribed  limits  as  the  weight  of  the 
airplane  changed  due  to  fuel  usage,  a  low  (Group  I)  configuration  was 

always  evaluated  first  and  a  high  a:  (Group  II)  configuration  last.  The 
middle  evaluation  was  randomly  a  Group  I  or  Group  II  configuration.  The 
evaluation  pilot  had  approximately  25  minutes  for  each  configuration  to  perform 
the  necessary  maneuvers,  make  the  appropriate  comments  to  accomplish  the 
evaluation,  and  obtain  calibration  records. 


A  short  in-flight  investigation  was  conducted  to  study  the  effects  on 
the  short-period  handling  qualities  and  the  PIO  tendencies  that  result  when  the 
short-period  damping  was  reduced  from  !>  JP  ~  .  7  to  %SP  ~  .1.  One  pilot  evaluated 
three  short-period  frequencies  (  u)Jp  »  2,4  and  6  rad/sec)  at  the  low  71  ■$./<*- 
and  three  short-period  frequencies  {coJP*-  3,  6  and  10  rad/sec)  at  the  high 
with  /jvo5*  0.1.  Each  configuration  was  evaluated  at  the  fixed  ^jr/^that  corre¬ 
sponded  to  the  and  <^>sp  used  in  the  main  part  of  the  experiment.  This  was 

followed  immediately  with  the  selected  by  the  evaluation  pilot. 


At  the  conclusion  of  the  flight  program,  one  flight  was  devoted  to  a 
brief  investigation  of  wheel  motion  per  normal  acceleration,  .  This  was 

accomplished  by  evaluating  a  "good"  low-  * -^/a.  configuration  at  three  different 
values  of  at  a  constant  .  For  this  investigation,  a  Group  I 

configuration  with  4  rad/sec  w“as  evaluated  at  values  of  tijrw/7'*  of  2  in./g, 

3  in./g  and  4  in./g.  During  the  primary  evaluation,  had  been  held 

essentially  constant  at  1  in./g.  * 


It  is  important  during  any  handling  qualities  investigation  to  ensure 
that  the  various  configurations  evaluated  are  adequately  identified.  To 
accomplish  this,  the  following  in-flight  oscillograph  records  were  taken  for 
each  configuration  that  was  evaluated: 


1.  Response  to  automatic  step. 

2.  Response  to  manual  step. 

3.  One  minute  discrete-error  pitch  attitude  tracking. 

4.  One  minute  random-error  pitch  attitude  tracking. 

These  records  were  analyzed  during  and  after  the  completion  of  the 
flight  test  program.  Since  it  is  not  always  feasible  to  take  the  time  to  find 
the  smooth  atmospheric  conditions  necessary  to  obtain  good  transient  response 
records  on  an  evaluation  flight,  the  values  used  to  generate  the  responses 
presented  in  this  report  were  selected  from  calibration  and  evaluation  flights  on 
which  these  conditions  were  obtained.  However,  the  transient  responses  obtained 
on  the  evaluation  flights  were  adequate  to  ensure  that  the  configurations 
evaluated  were  set  up  properly  and  that  the  responses  presented  in  this  report 
are  representative  of  those  evaluated. 
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SECTION  IV 
EQUIPMENT 


The  evaluations  were  performed  in  a  three-axis  variable  stability  T-33 
airplane  modified  and  operated  by  the  Cornell  Aeronautical  Laboratory  for  the 
Air  Force  Flight  Dynamics  Laboratory,  Air  Force  Systems  Command.  The  variable 
stability  equipment  is  described  in  Reference  14.  The  airplane  is  shown  in 
Figure  6.  The  variable  stability  T-33  was  further  modified  for  this  program 
to  include  a  wheel  controller  in  the  front  cockpit. 

Briefly,  the  system  operator  in  the  rear  cockpit,  who  also  serves  as 
safety  pilot,  may  vary  the  handling  characteristics  about  all  three  axes  by 
changing  the  settings  of  response  feedback  gain  controls  located  on  his  right 
hand  console.  The  handling  characteristics  are  altered  so  that  the  evaluation 
pilot  in  the  front  cockpit  has  no  knowledge  as  to  how  the  gains  are  changed. 
Since  the  evaluation  pilot  is  only  connected  electrically  to  the  control 
surface  servos,  he  does  not  feel  any  of  the  control  surface  motions  due  to  the 
variable  stability  signals.  The  block  diagram  shown  below  illustrates  the 
mechanism  of  the  in-flight  simulation: 


The  wheel  controller,  as  installed  for  this  program,  is  an  NAS  348 
wheel  which  has  been  modified  to  include  the  installation  of  strain  gauges  and 
a  control  button  for  variable  stability  system  disengage.  The  wheel  installa¬ 
tion  and  the  cockpit  dimensions  pertinent  to  its  installation  are  shown  in 
Figure  7. 
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Control  feel  to  the  wheel  and  rudder  pedals  is  provided  by  electrically 
controlled  hydraulic  feel  servos  which  provide  opposing  forces  proportional  to 
the  control  wheel  and  rudder  pedal  deflections  (i.e.,  a  simple  linear  spring 
feel  system).  The  aileron  and  rudder  feel  system  dynamics,  spring  rates,  and 
friction  characteristics  were  held  constant  throughout  the  program.  For  a 
complete  discussion  of  the  elevator  feel  system  refer  to  Section  V. 

The  evaluation  pilot's  instrument  panel  is  shown  in  Figure  8.  The 
flight  instruments  used  by  the  evaluation  pilot  are  all  standard  instruments 
with  the  exception  of  the  Lear  remote  attitude-director  indicator,  type  ARU-2/A. 
This  instrument  functions  primarily  as  a  normal  attitude  indicator,  but  in 
addition,  it  presents  an  indication  of  sideslip  and  a  pitch  attitude  tracking 
task  to  the  evaluation  pilot.  The  sideslip  is  indicated  by  a  vertical  needle 
that  moves  horizontally  across  the  face  of  the  attitude  indicator.  Center 
position  of  the  needle  indicates  zero  sideslip,  and  full  scale  movement  of  the 
needle  is  equivalent  to  ±4  degrees  of  sideslip.  The  pitch  attitude  tracking 
tasks  are  presented  to  the  evaluation  pilot  by  means  of  a  horizontal  needle 
that  moves  vertically  on  the  face  of  the  attitude  indicator.  The  tracking  tasks 
are  described  in  detail  in  Section  III. 

During  each  of  the  longitudinal  evaluations  a  random  noise  source  was 
used  to  provide  an  external  disturbance  to  the  airplane.  Although  the  random 
disturbances  were  not  a  true  simulation  of  turbulence,  they  did  provide  the 
pilot  with  an  additional  evaluation  aid.  The  random  disturbances  were  obtained 
by  driving  the  T-33  control  surface  actuators  by  a  random  noise  signal.  The 
signal  was  generated  by  s  gas  tube  white  noise  source  passed  through  a  bandpass 
filter.  The  filter  has  the  frequency  response  shown  in  figure  9  with  a  second- 
order  break  point  at  .1  rad/sec  and  a  second-order  break  point  at  18.8  rad/sec. 
The  amplitudes  of  the  disturbance  signals  going  to  the  elevator,  ailerons,  and 
rudder  were  varied  independently. 
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SECTION  V 

ELEVATOR  FEEL  SYSTEM  CHARACTERISTICS 


The  importance  of  the  attenuation  of  the  feel  system  and  the  flight 
control  system  actuators  on  the  closed-loop  response  of  an  airplane  has  gained 
increased  recognition  in  recent  handling  qualities  studies.  References  2,  IS, 
and  more  recently  Reference  16,  have  attempted  to  describe  the  contributions  of 
the  feel  system  to  the  closed-loop  airplane  response. 

The  mechanism  of  the  variable  stability  T-33's  elevator  feel  system  is 
shown  below: 
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The  pilot’s  force  input  is  made  through  strain  gages  on  the  wheel. 

These  inputs  pass  through  a  notch  filter  into  the  feel  servo  control  network 
where  the  frequency  and  damping  of  tie  elevator  feel  servo  are  controlled. 

The  result  is  a  positioning  of  the  control  column  with  the  gradients,  frequency 
and  damping  determined  by  the  feel  system  gain  settings.  The  position  of  the 
column  is  then  modified  by  the  gain  and  used  as  the  $  signal  for  the 

elevator  actuator.  /  w 

The  equation  of  the  notch  filter  is  given  below  and  the  frequency 
response  is  shown  in  Appendix  III. 
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TTie  response  of  the  feel  system  to  an  elevator  wheel  force  command  is 
then  determined  by  the  following  transfer  function: 


co/s  (^x)(s*+  Y7J  1) 


(s*  *  i  %  <^FS-S  +  U) r/)(s£ *  /7S.  3j  +  739) 


(2) 


For  this  program:  co  -  23.0  rad/sec,  % -  .66 

The  signal  generated  by  the  feel  system  and  modified  by  the  4/d’**' 

gain  is  applied  to  the  elevator  through  the  elevator  actuator.  The 
transfer  function  can  be  represented  (Reference  14)  as: 
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(3) 


For  this  program:  co  -  63  rad/sec,  %ea  =  .70 

Thus  the  angle  of  attack,  pitch  rate  and  normal  acceleration  responses 
to  a  wheel  force  input  can  be  represented  as  follows: 
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Substituting  the  individual  transfer  functions  shown  above  into 
Equations  4,  S,  and  6,  the  following  transfer  functions  result  that  describe 
the  airplane  response  to  a  wheel  force  input: 


a  (S) 


u) 


~rV7r 


FS 


(/-V7 (t£)„  ('I 


±y 

^Fw'SS 


(7) 


17 


9(S) 


“V*  “'si  {**<■  j> ™ *)  ms„  i£*)d,*rL ) 


U*'  (s  rtfs^SPs,«.‘)(s‘,; <fS +  73 r) 


rr  (S) 


r  ts) 


(8) 


«itFS*L(*  +  ‘n3i)Mst  ( 

)  | 

ss 

(  ^£W' 

1  t- 

ss  $  T*. 

Z 

\(s1  +  2.$  u)  3  a)  * 

1  FS  FS  FS  ) 

1  (s*  + 

Z  %  u)  S  v-  U)J  \ 
ea  ea.j 

(s*  fZ7S.3s  V73?) 

(9) 


The  subscript  ss  refers  to  the  steady  state  gain  values  or  asymptotic 
values  at  the  low  frequencies.  Thus  the  effect  of  the  attenuation  of  the  feel 
system  and  elevator  actuator  m  the  open- loop  response  of  the  airplane  can  be 
calculated  using  the  above  transfer  functions. 

One  method  used  to  describe  the  effect  of  the  feel  system  dynamics  on 
the  open-loop  airplane  response  (Reference  2)  is  to  define  a  nondimensional 
parameter  that  represents  the  ratio  of  the  maximum  pitch  acceleration  including 
the  effects  of  the  feel  system  dynamics  to  the  initial  pitch  acceleration  with¬ 
out  the  feel  system  dynamics  for  step  wheel  force  inputs. 

The  pitch  acceleration  transfer  function  to  a  wheel  force  input  at 
constant  speed  without  feel  system  or  elevator  dynamics  can  be  written  from 
Equation  (8)  as: 


9(s)  3  & (S) 


(10) 


For  a  step  wheel  force  input  we  can  use  the  initial  value  theorem  to 
determine  the  initial  pitch  acceleration. 
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The  actual  airplane  response  including  the  feel  system'  dynamics  can 
then  be  normalized  by  the  ;nitial  pitch  acceleration  without  feel  system 
dynamics  by  dividing  by  the  corresponding  9g  .  Thus: 
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For  an  instantaneously  applied  step  input,  the  maximum  pitch  acceler¬ 
ation  occurs  at  the  instant  of  step  application  if  the  elevator  and  feel  system 
dynamics  are  not  included.  However,  when  the  elevator  and  feel  system  dynamics 
are  included,  the  maximum  pitch  acceleration  occurs  at  some  finite  time  after 
the  step  application  and  the  initial  pitch  acceleration  is  zero.  Because  of 
the  complexity  of  the  equation  defining  the  time  at  which  maximum  pitch  accel¬ 
eration  will  occur  when  the  elevator  and  feel  system  dynamics  are  accounted 
for,  time  histories  for  each  of  the  responses  (  B^  and  B '  ^  )  were  generated 
and  the  maximum  values  for  each  were  obtained.  Thus: 
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Plots  of  (  max  are  s^own  *n  Figure  10  and  represent  the  attenuation 
of  the  elevator  actuator  and  feel  system  dynamics  on  the  6 max  response  of  the 
open-loop  airplane.  From  these  plots  it  can  be  seen  that  the  feel  system  has 
quite  a  large  effect  on  the  open-loop  ^response  to  a  step  input  at  the  high 
short-period  frequencies  simulated. 

This  development  assumes  that  the  pilot  continues  to  fly  the  airplane 
with  step  inputs  at  all  frequencies.  Experience  indicates  that  piloting  tech¬ 
niques  change  as  a  function  of  short -period  frequency  and  or^v/ctand  thus 

the  marked  attenuation  of  the  airplane  responses  indicated  by  the  prior 
development  may  not  necessarily  be  representative  of  the  actual  attenuation  felt 
by  the  pilot.  It  does,  however,  serve  to  show  the  importance  of  the  feel  system 
in  the  closed-loop  analysis. 

"Hie  tiw  histories  in  Appendix  IV  show  the  difference  in  the  airplane 
responses  to  an  elevator  step  through  the  elevator  servo  and  an  elevator  wheel 
step  that  includes  the  elevator  and  feel  system  dynamics. 
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SECTION  VI 

DISCUSSION  OF  RESULTS 


The  objective  of  the  experiment  was  to  evaluate  the  ef'ect  on  the 
pilot's  opinion  of  the  longitudinal  handling  qualities  of  a  low  to  medium 
load  factor  airplane  with  a  wheel  control  caused  by  a  variation  in  short- 
period  frequency  at  a  constant  damping  ratio  for  two  values  of ??  The 
nominal  values  for  the  two  groups  of  configurations  are  shown  below: 


GROUP 

(g/rad) 

l/r  (ft/sec) 

'/fg  (sec  1 ) 

£ 

°SP 

^(rad/sec) 

I 

16.5 

411 

1.29 

0.7 

2  to  8 

II 

56.2 

685 

_ _ _ _ _ J 

0.7 

3  to  14 

The  variation  i<i  and  ^/a  was  obtained  by  flying  the  variable 

stability  T-33  at  two  different  true  airspeeds  at  a  constant  pressure  alti¬ 
tude.  The  variations  in  short-period  frequency  were  obtained  by  varying  the 
<4/<*  ,  <4/0:  and  4/?  gain  settings  in  the  variable  stability  system. 

Appendix  V  gives  a  more  detailed  discussion  of  the  in-flight  simulation  tech¬ 
niques  . 


Both  groups  of  configurations  we^e  evaluated  twice;  once  at  a  fixed 
value  of  and  again  at  the 4*/**  se lected  by  the  evaluation  pilot.  The 

fixed  value  of  4»^Aj.was  constrained  to  lie  within  the  acceptable  limits 
established  in  Reference  1  and  varied  as  a  function  of  uj3P  according  to  the 
results  of  Reference  2.  The  feel  system  is  discussed  in  Section  V.  Wheel 
displacement  per  normal  acceleration  (  Jk*"  )  was  held  essentially  constant 
at  one  inch  per  g.  ^ 

A  set  of  good  lateral-directional  characteristics  was  established  for 
each  group  and  held  constant  throughout  the  evaluation  program.  The  charac¬ 
teristics  are  listed  in  Section  III. 

All  of  the  configurations  are  defined  in  detail  in  Appendix  IV.  Each 
of  the  configurations  was  identified  by  the  analog  matching  technique 
described  in  Reference  17.  Briefly,  the  in-flight  oscillograph  recordings 
of  the  pitch  rate  and  angle  of  attack  responses  to  an  automatic  elevator  step 
are  matched  by  the  output  of  an  analog  computer  programmed  to  compute  the 
pitch  rate  and  angle  of  attack  transfer  functions. 

Transient  responses  are  shown  in  Appendix  IV  and  the  pilot  comment 
summaries  are  presented  in  Appendix  VII.  The  transient  responses  were  com¬ 
puted  in  a  digital  computer  using  modal  characteristics  representative  of  the 
various  configurations  evaluated.  Two  responses  are  shown  for  each  config¬ 
uration.  One  response  shows  the  open-loop  airplane  response  obtained  when  an 
automatic  elevator  step  input  is  applied  directly  into  the  elevator  servo  and 
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includes  the  elevator  actuator  dynamics.  The  other  shows  the  response  that 
results  from  a  half-inch  elevator  wheel  input  and  includes  the  attenuating 
effects  of  the  feel  system  and  gain  settings. 

^£W 

The  experimental  results  are  discussed  in  three  parts.  First  the 
pilot  rating  variations  for  a  particular  group  are  discussed  for  both  groups 
and  then  the  variations  between  groups  are  examined.  Pilot  ratings  are 
related  to  ^sp/ ,  CAP,  6  If  .CAP',  a)  &  and  interpreted  in  terms  of 

-1  *  '  J  -  #4*  1  ip  9 

the  pilot  comment  data. 


6.1  DISCUSSION  OF  RESULTS  FOR  GROUP  1  (%/c**16.5,—  *  1.29,  UL  =  411  ft /sec] 

d  Tex 

The  experimental  results  for  the  group  I  configurations  are  discussed 
in  this  section.  The  transfer  function  pole  locations  that  correspond 

to  the  various  short-period  frequencies  evaluated  are  shown  below  along  with 
the  average  ljTe  zero.  The  experimental  results  are  presented  in  Figure  11. 
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9/se  transfer  function  pole  locations  for  GROUP  I 


The  pilot  ratings  and  pilot  comment  data  for  these  configurations  were 
quite  consistent.  The  only  difference  observed  between  the  two  pilots'  data 
is  that  Pilot  B's  ratings  peak  at  a  short-period  frequency  approximately  one 
half  a  radian  higher  than  Pilot  A's  ratings.  This  is  not  considered  to  be  a 
significant  difference.  Based  on  the  faired  curves  of  the  combined  pilot 
rating  data,  the  range  of  satisfactory  short-period  frequencies  (PR ^  3.51  is 
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from  2.4  to  7.0  rad/sec  with  the  best  pilot  rating  occurring  at  u>sp  4.7 
rad/sec.  This  corresponds  to  a  T  uJ  ~  3.64. 

Sr* 

The  pilot  comments  indicate  that  at  a  short-period  frequency  of 
2  rad/sec  the  initial  response  of  the  airplane  is  quite  sluggish  and  slow, 
requiring  rather  large  pilot  inputs  to  start  the  airplane  to  respond.  How¬ 
ever,  once  the  airplane  starts  to  respond  there  is  a  strong  tendency  to 
overshoot  the  desired  attitude  and  normal  acceleration.  The  pilots  complain 
that  they  attempt  to  drive  the  airplane  to  respond  quicker  than  the  dynamics 
will  allow  and  then  find  that  the  large  initial  input  must  be  taken  out  to 
avoid  the  overshooting  tendency.  The  pilots  report  that  they  must  anticipate 
the  control  input  required  to  stop  the  airplane  at  a  desired  attitude.  The 
sluggishness  of  the  initial  response,  followed  by  an  apparent  buildup  in 
pitch  rate  and  normal  acceleration,  causes  the  pilot  to  adopt  a  technique  of: 
pulsing  the  control  to  get  the  response  started,  anticipating  the  final 
attitude,  and  pulsing  the  control  in  the  opposite  direction  to  stop  the  air¬ 
plane  response. 

Another  common  complaint,  for  both  the  fixed  and  selected  values , 

is  that  the  initial  wheel  forces  are  quite  heavy  and  that  they  tend  to  lighten 
up  as  the  airplane  begins  to  respond.  This  follows  logically  from  the  pilot's 
description  of  the  airplane  response.  The  compromise  here  in  the  selection  of 
a  desirable  wheel  force  per  g  is  to  get  forces  that  are  light  enough  to  get 
the  airplane  to  respond  initial ly, but  heavy  enough  to  prevent  the  airplane 
from  being  overstressed  due  to  the  strong  tendency  to  overshoot  or  overcontrol 
in  pitch  rate  and  *  This  is  a  difficult  compromise  to  make. 

The  third  common  complaint  was  that  it  was  difficult  to  perform  a  tight 
tracking  task  without  getting  into  a  low-frequency  PIO.  The  pilots  comment 
that  there  is  no  problem  if  they  maneuver  relatively  slowly  and  smoothly,  but 
that  it  was  easy  to  induce  a  PIO  that  could  only  be  eliminated  at  the  sacrifice 
of  task  performance.  The  figure  below  shows  a  root  locus  diagram  for  the 
o/St  transfer  function  in  which  the  pilot  is  considered  to  be  a  pure  gain 


ROOT  LOCUS  DIAGRAM  OF  NOMINAL  SHORT  PERIOO  FREQUENCIES,  GROUP  I 
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controller  closing  on  attitude  with  the  elevator.  it  includes  the  dynamics  of 
the  feel  system.  It  can  be  seen  that  a  relatively  low  pilot  gain  is  required 
at  the  low  frequency  to  produce  a  low-frequency  PIO. 

As  the  short-period  frequency  is  increased  to  around  4  rad/sec,  the 
initial  response  is  described  as  quite  good,  quick  but  not  overly  sensitive, 
and  very  nice.  Both  pilots  report  that  the  attitude  and  normal  acceleration 
control  are  very  good.  Hie  only  complaint  is  that  there  is  a  slight  tendency 
to  bobble  the  airplane  for  abrupt  inputs.  Pilot  B  reports  that  there  was  a 
general  tendency  to  keep  his  gain  up  quite  high  for  a  tight  tracking  maneuver 
and  that  this  resulted  in  a  bobble  tendency.  Pilot  A  reported  that  unless 
you  really  tightened  up  your  control  there  was  no  tendency  to  bobble.  These 
statements  are  certainly  compatible  and  indicate  a  ver>  nice  feeling,  respon¬ 
sive,  but  not  over’>  sensitive  airplane,  capable  of  tight  precise  control. 

The  two  configurations  given  a  pilot  rating  of  7  by  Pilot  A  at  this  frequency 
were  not  downgraded  because  of  the  short -period  response.  The  pilot  felt  that 
he  could  inadvertently  overstress  the  airplane  because  of  the  light  wheel 
forces.  The  pilot  comments  do  not  justify  these  unacceptable  ratings,  there¬ 
fore  these  data  points  have  not  been  considered  in  the  fairing  of  the  pilot 
rating  curves.  It  should  also  be  pointed  out  that  this  same  configuration  was 
evaluated  at  essentially  the  same  and  given  a  pilot  rating  of  3. 

At  b  rad/sec  the  configurations  were  slightly  downgraded  due  to  a  much 
stronger  tendency  to  bobble  the  airplane  for  tight  or  precise  tracking  maneu¬ 
vers.  There  was  no  indication  that  the  initial  response  was  abrupt.  There 
was  an  attempt  by  both  pilots  to  divide  the  response  into  two  parts,  as 
requested  on  the  pilot  comment  card:  an  initial  and  a  final  response.  They 
both  agree  that  the  initial  response  is  quite  good,  however,  there  is  a  tendency 
to  overshoot  the  desired  g  and  bobble  about  the  steady  state  value.  A  brief 
look  at  the  transient  responses  in  Appendix  IV  shows  the  three  primary  effects 
of  increasing  short-period  frequency  for  constant  vT$  and  damping  ratio.  The 
step  input  magnitudes  were  selected  to  give  equal  $  ss  ■  The  initial  pitch 
acceleration  or  maximum  pitch  acceleration  is  increased,  ihe  initial  pitch  rate 
is  increased  as  well  as  the  pitch  rate  overshoot.  This  results  in  a  more  rapid 
pitch  angle  change  initially,  followed  by  the  same  steady  state.  If  the  pilot 
is  closing  on  attitude,  his  initial  reaction  will  be  to  reduce  his  input  because 
the  initial  pitch  angle  change  or  initial  pitch  acceleration  will  be  greater 
than  he  expected.  I f  he  in  fact  reverses  his  input,  the  result  would  be  a 
tendency  to  bobble  the  airplane. 

Around  8  rad/sec  the  initial  response  is  described  as  being  quite  fast, 
a  little  bit  sensitive  or  fairly  fast,  and  approaching  being  abrupt.  Each 
configuration  was  downgraded  because  of  the  tendency  to  "bobble"  the  airplane 
when  attempting  tight  attitude  or  * ^  control.  This  bobblin,  tendency  was 
especially  noticeable  for  small  corrections  and  led  to  "longitudinal  oscillations" 
in  two  cases. 


6.2 


DISCUSSION  01-  RESULTS  FOR  GROUP  II  (n  /*S  6.2,  '/r,  *2.65,  VT  -  685  ft /sec) 

The  experimental  results  for  the  Group  II  configurations  are  discussed 
in  this  section.  The  transfer  function  pole  locations  that  correspond  to 

the  various  short-period  frequencies  evaluated  are  shown  below  along  with  the 
average  / '/ 'rg  zero.  The  experimental  results  are  presented  in  l-igure  12. 
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The  pilot  ratings  between  the  two  pilots  were  not  as  consistent  for  the 
Group  II  configurations  as  they  were  for  Group  I.  In  general,  the  faired  pilot 
rating  curves  show  the  same  trends  and  peak  at  the  same  short -period  frequen¬ 
cies,  however,  Pilot  B's  pilot  ratings  are  consistently  one  to  one  and  a  half 
pilot  rating  numbers  higher  than  those  of  Pilot  A.  Based  on  the  faired  curves 
of  the  combined  pilot  rating  data,  the  range  of  satisfactory  short -period  fre¬ 
quencies  (PR  ^3.5)  for  Group  II  is  from  5.5  to  12.2  rad/sec,  with  the  best 
pilot  rating  occurring  at  <^>sp  =  8,8  rad/sec.  This  corresponds  to  a  ^  3.32. 

At  a  short-period  frequency  around  3  rad/sec,  both  pilots  complain  that 
the  initial  response  of  the  airplane  is  very  sluggish.  There  is  a  strong 
tendency  to  force  the  initial  response  by  applying  a  larger  than  normal  input; 
then  when  the  airplane  does  respond,  it  appears  to  build  up  in  acceleration 
much  faster  than  anticipated,  resulting  in  overcontrolling  in  pitch  and  normal 
acceleration.  This  often  resulted  in  a  mild  low-frequency  PIO.  Pilot  A 
reported  that  the  normal  acceleration  seemed  to  build  up  more  rapidly  than  he 
expected  for  the  amount  of  pitching  motion  he  was  seeing,  and  that  the  phasing 
between  the  two  responses  seemed  to  give  him  less  precise  control  than  he 
would  have  liked.  It  was  difficult  to  maintain  tight  control  of  the  airplane 
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due  to  the  sluggish  initial  response  and  indefinite  final  or  steady  state 
response.  The  initial  wheel  forces  seemed  quite  high,  but  once  the  airplane 
began  to  react  it  felt  like  it  wanted  to  "dig  in"  with  a  resulting  lightening 
of  the  forces  . 

At  4  rad/sec,  Pilot  A  again  commented  that  the  phasing  between  the 
normal  acceleration  and  the  pitch  rate  response  was  less  acceptable  than  just 
having  a  low-frequency  sluggish  airplane.  At  one  point,  he  commented  that  it 
felt  as  if  the  normal  acceleration  was  sort  of  leading  the  pitch  rate,  or  at 
least  the  phasing  between  the  two  responses  was  different  than  you  normally 
tend  to  see.  The  normal  acceleration  response  cannot  lead  the  pitch  rate 
response  unless  the  pilot  is  sufficiently  ahead  of  the  c.g.  to  feel  a  signifi¬ 
cant  contribution  to  ^  from  pitch  acceleration  or  the  airplane  has  some  form 
of  direct  lift  control  (neither  factor  was  present).  The  normal  accelerations 
felt  by  the  pilot  due  to  his  location  with  respect  to  the  airplane  center  of 
gravity  are  treated  in  more  detail  in  Reference  18.  The  nominal  location  of 
the  pilot  in  this  experiment  was  89.9  inches  ahead  of  the  center  of  gravity. 
However,  it  may  be  possible  that  the  phasing  between  the  and  pitch  rate 
responses  could  be  different  enough  to  cause  the  pilot  to  comment  about  their 
unnaturalness . 

Around  6  rad/sec,  both  pilots  liked  the  responsiveness  of  the  airplane, 
even  though  Pilot  B  commented  that  the  initial  response  was  slightly  abrupt. 

The  normal  acceleration  and  pitch  attitude  control  were  good  with  some  slight 
tendency  to  overshoot  or  overcontrol  for  tight  tracking  tasks.  Pilot  A  again 
mentions  the  apparent  phasing  of  the  pitch  rate  and  normal  acceleration 
responses.  He  commented  that  they  seem  to  be  like  two  different  responses. 

The  normal  acceleration  seems  to  come  on  so  quicklv  that  you  seem  to  feel  the 
g  before  you  see  the  attitude  change  very  much.  Although  the  pilot  comments 
that  the  feeling  of  separate  responses  is  initially  objectionable,  he  concludes 
that  it  sort  of  helps  him  in  attitude  tracking  because  the  g  gives  him  a  clue 
that  the  airplane  is  going  to  move. 

As  the  short-period  frequency  was  increased  to  8  rad/sec,  Pilot  B 
continued  to  call  the  initial  response  a  little  abrupt.  Although  the  airplane 
was  fairly  responsive,  there  was  very  little  tendency  to  overshoot  and  the 
pitch  attitude  and  normal  acceleration  control  were  considered  good  by  both 
pi  lots . 

At  10  rad/sec,  the  initial  response  is  described  as  quite  good  and  very 
precise.  Pilot  A  comments  that  he  feels  the  g  coming  on  very  quickly  and  that 
he  doesn't  have  to  wait  for  the  airplane  to  rotate  very  much.  He  also  comments 
that  the  g  seems  to  almost  lead  the  pitch  rate  but  that  the  rate  of  change  of 
attitude  and  g  onset  is  quite  natural.  Both  pilots  agree  that  they  have 
excellent  pitch  attitude  and  normal  acceleration  control.  The  pitch  attitude 
tracking  was  considered  quite  good.  Pilot  B  reported  a  very  slight  tendency 
to  bobble  the  airplane  for  tight  tracking  maneuvers. 
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For  the  highest  frequency  evaluated  of  14  rad/sec,  Pilot  A  describes 
the  initial  response  as  very,  very  quick  but  good  while  Pilot  B  describes  it 
as  somewhat  snappy  and  too  abrupt  initially.  These  may  seem  at  first  as 
conflicting  observations  until  one  considers  the  differences  in  wheel  forces 
selected  by  the  two  pilots.  The  maximum  pitch  acceleration  to  a  step  wheel 
force  input  can  be  described  as: 
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In  the  two  configurations  discussed  above,  Pilot  A  was  operating  with  an 
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believed  that  this  large  difference  in  selected  F£wj71y  accounts  for  the 
difference  in  the  observed  initial  response  characteristics.  At  the  lighter 
wheel  forces  selected  by  Pilot  B  there  was  a  slight  tendency  to  overshoot 
during  tracking  maneuvers  that  was  not  observed  for  the  higher  wheel  forces 
selected  by  Pilot  A. 


6.3  COMPARISON  OF  RESULTS  OBTAINED  FOR  GROUP  I  AND  GROUP  II 

A  brief  review  of  the  two  previous  subsections  shows  that  for  Group  I 
the  range  of  acceptable  short -period  frequencies  (PR-  3.5)  is  from  2.4  to  7.0 
rad/sec  with  the  best  pilot  rating  at  u>SP  4.7  rad/sec.  For  Group  II,  the 
range  of  acceptable  short-period  frequencies  (PR  —  3.5)  is  from  5.5  to  12.2 
rad/sec  with  the  best  pilot  rating  occurring  at  «  8.8  rad/sec. 

The  pilot  comments  for  the  configurations  corresponding  to  the  short- 
period  frequencies  above  and  below  the  optimum  frequency  for  each  group  are 
nearly  identical.  At  the  lower  than  acceptable  short-period  frequencies,  the 
pilots  complai"  about  the  extreme  slowness  and  sluggishness  of  the  initial 
response  which  makes  the  pilot  attempt  to  force  the  airplane  to  respond  by 
putting  in  a  large  pulse  type  input.  This  results  in  a  more  rapid  buildup  in 
pitch  rate  and  normal  acceleration  than  anticipated,  leading  to  overcontrolling 
and  mild,  low-frequency  PIO  tendencies.  At  the  higher  than  acceptable  short- 
period  frequencies,  the  major  complaint  is  the  sensitivity  or  abruptness  of 
the  initial  response  and  the  strong  tendency  to  "bobble"  the  airplane  during  a 
tight  tracking  task. 

The  pilots  find  that  they  must  accept  a  compromise  in  their  selection  of 
a  desirable  wheel  force  per  g  at  both  extremes  of  short-period  frequencies. 

For  the  lower  frequencies  there  is  a  desire  to  have  light  wheel  forces  initially 
to  get  the  airplane  to  respond;  however,  the  light  wheel  forces  result  in  over¬ 
controlling  and  overstressing  (g-limiting)  problems  which  heavier  wheel  forces 
improve.  Thus  the  selected  ^w/  ^  is  a  compromise.  At  the  higher  frequencies, 
the  reverse  is  true.  The  initial  response  is  sensitive  or  abrupt  presenting  a 
requirement  for  heavier  wheel  forces  initially,  but  then  the  steady  state 
maneuvering  forces  become  excessive;  thus,  another  compromise. 
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At  the  best  short-period  trequencies  for  the  respective  groups  evaluated, 
the  pilots  describe  the  initial  response  as  quite  good  in  both  cases,  as  quick 
but  not  overly  sensitive.  In  general  the  pilot  can  keep  his  gain  up  quite  high, 
accept  lower  wheel  forces  per  g,  and  not  "bobble"  the  airplane  during  tight 
tracking  tasks.  These  configurations  are  called  precise  with  very  good  attitude 
and  normal  acceleration  control. 

It  is  clear  that  the  short-period  frequency  requirements  are  quite 
different  for  the  two  groups  of  configurations  evaluated.  It  is  also  clear  that 
the  acceptable  band  of  short-period  frequencies  becomes  wider  as  the  value  of 
'/r^or  >7^ jet  is  increased  and  that  this  band  is  shifted  in  the  direction  of 
higher  frequencies.  The  next  logical  questions  are:  why  does  this  occur?  Is 
there  a  common  relationship  that  allows  the  desired  variation  in  short-period 
frequency  requirements  to  be  determined  at  other  values  of  rr  j a  and  Vj  ? 

The  concepts  which  lead  to  the  control  anticipation  parameter  (CAP) 
developed  in  Reference  12,  and  extended  to  include  the  attenuating  effects  of 
the  feel  system  (CAP1)  in  Reference  22  ,  seem  to  provide  a  goed  explanation  of 
the  closed-loop  difficulties  the  pilot  experiences,  in  particular,  with  regard 
to  the  initial  responses.  The  CAP  theory  is  based  on  the  premise  that  the 
pilot  must  be  able  to  anticipate  the  final  response  of  the  airplane,  and  that 
this  anticipation  signal  is  provided  through  the  pitching  acceleration  of  the 
airplane  to  a  pilot  input.  Thus  at  the  lower  than  optimum  short -period 
frequencies,  the  sluggish  or  slow  initial  response  does  not  provide  the  pilot 
with  the  desired  anticipatory  cue  that  he  expects.  This  causes  him  to  increase 
his  input  to  the  extent  that  when  the  airplane  does  respond,  a  large  change  in 
pitch  rate  and  normal  acceleration  results  with  a  corresponding  overcontrol  or 
overshooting  tendency.  This  same  cue  is  missing  when  the  pilot  attempts  to 
stop  the  airplane  response  and,  ?s  indicated  in  Reference  12,  can  result  in 
a  PIO. 


At  the  higher  than  acceptable  short -period  frequencies,  the  CAP  theory 
explains  that  the  pilot  experiences  such  a  large  pitch  acceleration,  and 
therefore  a  very  high  icvel  of  anticipatory  cue,  for  the  small  steady  state 
flight  path  correction  desired,  he  will  immediately  limit  or  partially  retract 
some  of  his  control  input.  This  action  will  result  in  a  smaller  flight  path 
correction  than  desired  and  the  pilot,  in  repeating  the  same  sequence  of  inputs, 
will  bobble  the  airplane  or  possibly  enter  a  PIO. 

Figures  13,  14,  and  15  show  the  variation  of  pilot  rating  as  a  function 
of  CAP.  It  can  be  seen  that  there  is  very  good  agreement  between  pilots.  The 
faired  pilot  rating  curve  shows  a  range  of  acceptable  CAP  va'ues  from  .43  to 
2.4  rad/sec^.  The  lower  boundary  correlates  quite  well  with  the  lower  acceptable 
limit  of  .436  rad/sec^  established  in  Reference  12  whi  h  does  not  give  an  upper 
limit.  It  should  be  pointed  out  here  that  the  parameters  that  make  up  CAP  are 
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only  airframe  open- loop  parameters  and,  as  indicated  in  Reference  2,  may  not 
necessarily  describe  the  actual  pitch  acceleration  response  of  the  airplane 
because  of  the  attenuating  effects  of  the  feel  system. 


It  is  generally  accepted  that  the  pilot  flies  the  airplane  by  force 
inputs  rather  than  position  inputs  and  that  the  parameter  °iuite 

important  to  the  overall  longitudinal  handling  qualities.  In  view  of  the 
importance  given  to  the  initial  pitch  acceleration  by  the  CAP  theory,  it  is 
worthwhile  to  consider  the  attenuating  effects  of  the  feel  system  and  the 
effects  of  variations  in  ^sw/^y  on  this  parameter.  As  shown  in  Section  V  for 
satisfactory  short-period  damping  (  %SP  ^  .7),  the  maximum  pitch  acceleration 
to  a  step  force  input  can  be  written: 


^se  (Q»dLx 


where  (  accounts  for  the  attenuation  of  the  feel  system  on  the  maximum 

pitch  acceleration  to  a  step  input  and  and  ( /swj %  )Jfare  steady  state 

parameters  which  are  not  affected  by  the  feel  system.  Since  this  parameter 
contains  two  of  the  quantities  considered  to  be  important  in  longitudinal 
handling  qualities,  it  should  possibly  give  a  better  indication  of  the 
closed-loop  handling  qualities  than  just  the  open-loop  parameters  of  CAP. 

Thus  Figures  16  and  17  show  the  variation  of  pilot  rating  as  a  function  of 
^aiax/ '  *n  8eneral  there  is  not  very  good  correlation  between  pilot  rating 

and  G^i/tx/ es Pec i ally  true  between  the  two  groups.  The  ratings 
of  the  two  pilots  are  quite  compatible  for  a  given  group,  but  there  seems  to 
be  no  common  relationship  existing  between  the  ratings  for  the  different 
groups . 


This  is  primarily  due  to  the  large  attenuation  of  the  feel  system  on  the 
maximum  pitch  acceleration  to  a  step  input  at  the  high  short-period  frequencies. 
Much  better  correlation  between  the  groups  of  data  is  obtained  when  the 
attenuating  effects  of  the  feel  system  are  neglected,  as  can  be  seen  in 
Figures  15,  14,  and  15  which  show  pilot  rating  versus  0/F£w.  In  general, 
correlation  is  good  at  the  lower  than  optimum  short -period  frequencies  but  not 
very  good  at  the  higher  frequencies.  This  is  primarily  due  to  the  trends 
exhibited  by  the  two  pilots  in  their  selections  of  This  is  discussed 

in  greater  detail  in  Section  6.5.  Briefly,  Pilot  A  tended  to  follow  the  basic 
pattern  established  in  Reference  2  for  the  selection  of  F£w / *y  as  a  function  of 
short-period  frequency  and  »  while  Pilot  B  tended  to  select  lower  wheel 
forces  as  the  short -period  frequency  increased  at  both^/a's.  Thus  Pilot  B 
experienced  higher  values  of  9 1  Ff  ^than  Pilot  A.  This  is  confirmed  by  the 
pilot  comment  data  which  indicates  that  Pilot  B  felt  the  higher  frequency 
configurations  were  more  abrupt  in  the  initial  response  than  Pilot  A. 
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Although  the  importance  of  the  pitch  acceleration  is  well  established, 
there  are  indications  that  pitch  acceleration  does  not  tell  the  entire  story 
and  therefore  is  not  necessarily  the  only  variable  the  pilot  is  attempting  to 
optimize.  The  selection  of  F£w/V^<  at  the  higher  and  lower  than  acceptable 
short-period  frequencies,  for  the  two  groups  evaluated,  was  a  compromise  based 
on  both  the  initial  pitch  acceleration  and  the  steady  state  forces  required  to 
maneuver  the  airplane.  Briefly,  at  the  lower  short -period  frequencies,  the 
pilot  would  like  to  have  light  wheel  forces  to  get  the  airplane  to  respond 
initially  but  he  overcontrols  in  tne  steady  state  if  the  forces  are  light.  At 
the  higher  short -period  frequencies,  the  pilot  would  like  to  have  heavy  wheel 
forces  to  reduce  the  abruptness  of  the  initial  response  but  he  objects  to  the 
resulting  heavy  steady  state  forces.  Thus  the  compromise  the  pilot  must  make 
in  the  selection  of  a  desirable  ^^/^is  not  based  solely  on  the  initial 
response  or  initial  pitch  acceleration  but  also  on  the  steady  state  maneuvering 
forces . 


If  we  assume  the  pilots  can  consistently  optimize  the  Fewlv^ for  a  given 
short-period  frequency,  even  though  serious  compromise's  are  required,  we 
should  be  able  to  look  at  &max  which  includes  the  attenuation  of  the 

'  (”} hi 

feel  system  but  does  not  include  the  effects  of  F£w .  Thi  s  yields  the  param¬ 
eter  (CAP1)  developed  in  Reference  2  and  is  defined  as: 

I  ^SP  (®n<i) HAt 

Q/IP  -  _  -  _ _ ...  _ _ 

(»j)ss  (»f/*)ss  O8) 

This  parameter  is  simply  the  control  anticipation  parameter  developed  in 
Reference  12,  but  with  the  attenuating  effects  of  the  feel  system  included. 

If  the  pilot  used  only  step  inputs,  then  CAP'  would  probably  be  more  repre¬ 
sentative  of  the  actual  pitch  accelerations  felt  by  the  pilot  following  a 
control  input.  Figures  21,  22,  and  23  show  the  variation  of  pilot  rating  as 
a  function  of  CAP'.  Once  again  we  see  good  correlation  between  pilots  for 
each  of  the  groups,  but  very  poor  correlation  of  the  pilot  ratings  between  the 
two  groups.  This  is  especially  true  at  the  higher  frequencies  where  the 
attenuation  of  the  feel  system  is  most  noticeable.  It  appears  that  there  is 
an  upper  limit  of  CAP'  for  both  of  the  groups.  For  Group  I  there  is  an  upper 
limit  of  CAP'  =  1.25  while  Group  II  has  an  upper  limit  of  CAP'  =  .77. 

Both  the  CAP  and  CAP'  developments  place  unwarranted  emphasis  on  the 
initial  pitch  acceleration  response  to  an  ideal  step  input.  Although  pilots 
may  use  abrupt  control  inputs  to  initiate  maneuvers,  they  do  not  normally  use 
sharp  or  ideal  step  inputs  to  fly  the  airplane.  The  pilot  comments  in  this 
experiment  indicate  the  importance  of  both  the  initial  and  the  steady  state 
responses  to  control  inputs.  The  initial  response  has  meaning  to  the  pilot 
when  abruptly  initiating  maneuvers  and  also  in  tracking  type  inputs  where  no 
steady  state  is  established.  The  steady  state  response  has  meaning  during 
steady  maneuvers  such  as  pullups  and  steady  turns.  It  is  worthwhile  then  to 
look  at  the  magnitude  and  phase  relationships  that  exist  between  the  airplane 
responses  and  an  elevator  wheel  force  input.  These  relationships  are  illus¬ 
trated  in  Figure  24  where  the  asymptotic  Bode  plots  for  the  longitudinal 
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airplane  responses  are  shown.  From  these  plots,  we  can  see  that  the  Q  gain 
at  the  frequencies  where  the  pitch  acceleration  is  in  phase  with  the  wheel 
force  input  is  essentially  •  The  ^  gain  at  the  frequencies  where  ^  is 

in  phase  with  the  wheel  force  input  is  .  Note  that  the  first  of 

f  t6~Zsp 

these  two  statements  applies  only  when  the  feel  system  and  control  system 
frequencies  are  widely  separated  from  the  short-period  frequency.  This 
condition  did  exist  in  this  experiment.  Reference  16  presents  an  investiga¬ 
tion  of  the  effects  when  this  is  not  the  case.  If  we  take  the  ratio  of  these 
two  gains  as  being  representative  of  the  two  important  response  characteristics 
discussed  above,  we  have: 


a.?  frequency 
caj^i  e-re,  ‘ pAa.sk 
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°°SP 
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This  is  recognized  as  the  CAP  parameter  developed  in  Reference  12, 
however,  the  expression  has  been  developed  without  the  dependence  on  an  ele¬ 
vator  wheel  step  input  assumed  in  Reference  12.  The  reasoning  behind  the 
above  development  seems  to  be  more  compatible  with  the  pilot  comments.  This 
is  especially  true  concerning  the  comments  that  result  from  the  pilot's 
selection  of  the  control  gain.  These  comments  emphasize  the  importance  of 
both  the  initial  and  final  responses  and  make  the  point  that  the  sensitivity 
of  importance  and  the  steady  control  gain  of  importance  may  involve  different 
responses  and  even  separate  maneuvers  or  tasks. 


Reference  6  concluded  from  a  ground  simulator  program  that  for  values 
of  ^a/cc  greater  than  ten,  pilots  desire  to  have  precise  control  of  normal 
acceleration.  This  is  further  modified  by  Reference  9  to  a  value  of  /<*. 
greater  than  fifteen  before  the  pilot  changes  his  reference  of  control  from 
pitch  attitude  to  normal  acceleration.  Since  this  program  was  conducted  at 
^/oc's  of  16.5  and  56.2,  it  is  worthwhile  to  consider  how  pilot  ratings  vary 
with  normal  acceleration  characteristics.  Reference  9  suggests  the  use  of 
(^/cc )  /  <psp  as  a  parameter  that  should  reflect  airplane  normal  acceleration 
characteristics  at^j/cx's  greater  than  15.  Figures  25  and  26  show  how  the 
pilot  ratings  varied  as  a  function  of  (?7j /cc/pj^.  There  is  excellent  agreement 

between  pilots  within  a  group  but  very  poor  correlation  between  groups. 


So  far  it  has  been  shown  that  those  parameters  which  attempt  to  include 
the  attenuation  effects  of  the  feel  system  to  a  step  input  or  wheel  force 
per  g  have  given  poor  correlation  between  pilot  ratings  obtained  for  the  two 
groups  of  configurations.  It  has  also  been  shown  that  pilot  rating  versus 
Oj/*)/^  has  not  correlated  very  well  at  different  values  of  v^/<x.  The  best 
correlation  has  been  obtained  for  the  parameter  This  is  the 


parameter  chosen  to  establish  short -period  frequency  requirements  in  Reference  1 
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The  major  objective  of  this  program  was  to  investigate  the  short -period 
frequency  requirements  for  a  low  to  medium  load  factor  wheel  controlled  air¬ 
plane  at  a  high  range  of  v^/ocfor  comparison  with  the  requirements  proposed 
in  Reference  1.  Figure  2/  shows  the  pilot  rating  data  obtained  during  this 
experiment  plotted  on  the  proposed  MIL-F-8785  specification  requirements. 

Within  the  level  1,  Flight  Phase  Category  A  boundary,  the  airplane  must  have 
a  pilot  rating  of  3.5  or  less  and  within  the  level  2,  Flight  Phase  Category  A 
boundary,  a  pilot  rating  of  6.5  or  less,  for  the  task  of  precision  maneuvering. 
The  faired  pilot  rating  data  of  this  experiment  possibly  indicates  that  the 
upper  limit  on  tVsP  as  a  function  of  ^ /a.  is  a  little  high,  and  that  the  lower 
limit  might  converge  slightly  toward  the  upper  limit  at  the  high  /«  . 


The  technical  discussion  presented  earlier  suggests  that  perhaps  the 
best  short-period  frequency,  at  a  given  %sp  »  will  be  the  one  that  gives  the 
pilot  the  best  combination  of  0  and  responses.  The  author  does  not  neces¬ 
sarily  hold  with  the  conclusion  that,  at  high  speed  or  high  ■  t^ie  pi  l°t 

is  attempting  to  control  precisely  at  the  expense  of  the  pitch  attitude 
response.  In  the  steady  state,  the  pitch  rate  and  normal  acceleration 


responses  are  directly  related  by  the  velocity 


[(Vss  •  At  high 

speed,  and  therefore  high  ”j/ct  ,  the  pilot  reaches  the  acceleration  limits  of 

the  airplane  long  before  he  reaches  a  value  of  d  that  might  be  objectionable. 
This  means  that  v,  ,  though  certainly  more  important  at  high  speed  than  at  low 
speed,  is  not  normally  controlled  tightly  unless  the  pilot  is  near  the  limits 
of  the  airplane.  F.xperience  tends  to  bear  out  that  the  pilot  will  rotate  the 
airplane  from  target  to  target  at  the  maximum  consistent  with  pilot  and 
structural  limitations  in  order  to  minimize  acquisition  time;  however,  when 
structural  limitations  are  not  paramount,  the  pilot  will  close  on  pitch  attitude 
in  order  to  track.  Since  0  and  t?*  arc  both  important,  a  reasonable  approach, 
consistent  with  the  piloting  task,  is  to  observe  the  0  response  while  normalizing 
the  response.  Since  the  pilot  does  close  on  attitude,  the  0  response  maintains 
its  importance  at  high  ^/cc  and  therefore  could  possibly  be  used  to  correlate 
longitudinal  handling  qualities  at  high  as  well  as  low  speeds.  Figure  28  shows 
the  actual  pole  locations  for  the  0 /<. fe  transfer  function  that  were  used  during 
the  evaluation  program.  It  can  be  seen  in  Figure  28  that  the  best  short-period 
frequency,  as  determined  from  th?  faired  pilot  rating  curves  for  both  groups, 
occurs  at  approximately  the  same  phase  angle  with  respect  to  the  zero  determined 
by  the  of  the  configuration.  Since  this  angle  is  a  function  only  of  u>SP  , 

4  and  this  means  that  in  this  experiment  the  best  short-period  frequency, 

for  the  two  groups  evaluated,  occurred  at  essentially  the  same  value  of  T$  <^>SP  ■ 

Therefore  it  was  worthwhile  to  plot  pilot  rating  as  a  function  of  T  u) 


SP 


This  approach  is  not  new  as  it  is  suggested  in  Reference  9  for  values 
of  rr/oc  less  than  15  g/rad.  However,  here  it  is  extended  to  much  larger  values 

of  and  the  parameter  ^is  used  in  place  of  L _ _  as  suggested  in 


SP 


1  1 

Reference  9,  because  the  significance  of  —  is  not  as  clearly  understood  as 


a  variation  in 


SP 


It  is  also  better  to  correlate  with  a  parameter  that 
increases  with  increasing  <^sp  and  does  not  "blow  up"  as  ^sp  approaches  zero. 


*•/  J 
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when  ~  0 . 
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Figures  29,  30  and  31  show  the  variation  of  pilot  rating  with  a  change  in 
Tdji  ujsp  .  K  can  be  seen  that  there  is  excellent  agreement  between  pilots  for 
each  group  of  data,  as  well  as  very  good  agreement  between  groups.  The  faired 
pilot  rating  curves,  for  both  pilots  for  both  groups  cf  data,  show  that  the 
best  pilot  ratings  occu  at  Tg  ^P^Z.6.  It  also  shows  that  acceptable  short- 
period  handling  qualities  (PR  t  3.5)  occur  for  a  range  of  a^between  2.2  and 
5.3.  *■ 


By  maintaining  a  constant  value  of  T6^  uJsp  at  a  constant  damping  ratio, 
the  shapes  of  the  longitudinal  responses  to  a  step  input  are  preserved.  This 
also  means  that  the  pitch  rate  overshoot  (  d  Id  )  and  the  phasing  of  the  e 

•A/7 'T A  / 


response  with  respect  to  the  ac  and  v  responses  is  held  constant. 


From  the  two  equations  developed  in  Appendix  I  and  shown  below, 


having  a  constant  value  of  Ta  u->SP  and  ^will  maintain  a  constant  pitch  rate 

overshoot,  (  6 MA*  \  ,  and  as  shown  in  Section  II,  will  keep  the  same  phasing 
\  9  MAX 

between  the e  ,  oc  and  responses.  Jn  this  experiment,  the  optimum  short- 
period  frequency  occurred  at  a  value  of  T&  oosp  ^3.6  with  a  range  of 

2.2  t  ±  5.3  for  acceptable  short -period  handling  qualities  (PR  -  3.5). 

z 


From  Figure  28  and  Equation  21,  it  can  be  seen  that  a  constant  value  of 
T0  t+Jjp  (at  a  constant  damping  ratio)  results  in  a  constant  phase  angle  for  the 
e  response  to  a  step  input.  As  pointed  out  in  Section  II,  one  of  the  effects 
of  changing  the  value  of  T0i  is  to  change  the  phase  relationship  of  the  9 
response  with  respect  to  the  ct  and  responses .  If  there  is,  in  fact,  a 
desirable  phase  relationship  between  the  9  and  responses,  then  it  should  be 

possible  to  correlate  pilot  rating  with  ^  .  Figures  32,  33  and  34  show  how 

pilot  rating  varied  as  a  function  of  the  phase  angle  of  the  9  step  response  at 
the  short-period  frequency.  Although  the  damping  was  not  varied  in  this  exper¬ 
iment,  these  phase  angles  include  the  actual  measured  damping  iitios  obtained 
for  each  configuration.  Although  there  is  good  correlation  at  the  phase  angles 
less  than  the  optimum,  there  is  very  poor  correlation  for  those  phase  angles 


greater  than  the  optimum.  This  is  primarily  the  result  of  the  small  change  in 

f'-  that  occurs  for  even  a  large  change  in  at  values  of  greater  than 

eSP  °  sp  vSP 

optimum.  The  evidence  of  poor  correlation  lies  in  the  large  changes  that  occur 

in  pilot  rating  for  very  little  change  in  at  the  high  phase  angles. 
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Since  it  has  been  shown  that  the  pilot  rating  data  correlates  as  well 
with  r$  as  it  does  with  —  ,  it  is  reasonable  to  ask  which  of  these 

parameters  is  the  more  correct.^  correlating  parameter?  is  approximately 

equal  to  )  Zk  and  thus  -Z.'fP  ~  _1  (uj  \  (ra  oj.d)  ■  Unfortunately,  the 
J  el  -^/oc  V  J  y  *-  s‘ ' 

only  conclusion  that  can  be  reached  from  this  experiment  is  that  the  optimum 
short-period  frequency  was  different  for  the  two  groups  evaluated.  Whether 
this  variation  was  due  to  the  independent  effect  of  1/  or  Zr$z,  or  a  combination 
of  both,  cannot  be  ascertained.  There  is.  however,  a  ground  simulator  exper¬ 
iment,  Reference  6,  that  shows  that  pi  a  ot  rating  varies  as  a  function  of 
velocity  at  a  constant  Based  on  these  ground  simulator  results,  it  would 


seem  that 


u) 


jp 


is  the  better  of  the  two  correlating  parameters.  Since 


Vc 


contains  t 


^SP  and 


,  if  there  are  variations  in  pilot  rating  due 
to  the  independent  effects  of  velocity,  they  can  be  accounted  for  by  ^  SP^~ 


whereas  they  cannot  by  7&  alone.  Neither  ^  coSp  nor  ri  ja  contain  the 

effects  that  variations  in  short-period  damping  impose.  Thus  we  must  conclude 
that  any  parameter  that  contains  only  two  of  the  three  variables  coSp  ,  $ SP and 


r  ,  has  no  chance  of  covering  all  possible  cases. 


The  primary  objective  of  this  investigation  was  to  ascertain  the 
desirable  values  of  short-period  frequency  at  high  r}^  .V  for  wheel -control  led 
airplanes  with  low  to  medium  limit  load  factors.  A  second  objective  was  to 
compare  the  results  obtained  in  this  program  using  a  wheel  controller  to  those 
obtained  in  Reference  2  with  a  tick  controller.  Although  a  comparison  can 
be  made,  it  should  be  pointed  out  that  the  mission  requirements  for  the  two 
programs  were  quite  different.  The  pilots  in  Reference  2  evaluated  an  airplane 
for  the  fighter  mission  and  the  pilots  in  this  program  evaluated  a  task 
representative  of  a  much  larger,  less  maneuverable  airplane  with  a  wheel  con¬ 
troller.  Figure  35  presents  the  pilot  rating  data  versus  short-period  frequency 
from  Reference  2  plotted  on  the  corresponding  data  from  this  experiment.  The 
most  significant  result  is  that  the  short-period  frequency  requirements  for 
a  wheel -control  1 ed  airplane  are  identical  to  those  of  an  airplane  with  a 
stick  controller.  This  is  an  important  conclusion  because  it  allows  direct 
comparison  of  short-period  frequency  data  obtained  in  airplanes  with  either 
type  of  controller.  Although  the  short-period  frequency  requirements  are  the 
same,  one  major  difference  in  the  pilot  rating  data  was  evident,  lor  the 
Group  I  configurations,  in  the  lower  than  acceptable  short-period  frequency 
range,  the  pilot  ratings  for  the  stick-controlled  fighter  airplane  dropped 
off  quite  a  bit  more  rapidly  than  those  for  the  medium  load  factor  wheel - 
controlled  airplane.  This  same  trend  was  not  as  evident  for  the  Group  II 
configurations.  The  dropoff  in  pilot  rating  is  primarily  attributed  to  the 
mission  requirements  where  the  desire  for  increased  maneuverability  in  the 
fighter  is  greatly  impaired  by  the  slow  initial  response  characteristics 
exhibited  in  this  short-period  frequency  range. 


6.4 


DISCUSSION  OF  RESULTS  OF  PIO  INVESTIGATION 


Pilot  A  made  a  brief  evaluation  of  four  Group  I  and  three  Group  II 
configurations  for  which  the  short-period  damping  ratio  was  reduced  from  a 
nominal  value  of  0.7  to  a  value  of  0.1.  All  but  one  of  these 

configurations  were  evaluated  twice;  once  for  a  fixed  /r*w/r,y  and  a  second 
time  with  the  opportunity  for  the  evaluation  pilot  to  select  a  desired  value 
of  ^  .  Table  I V- 1 1 1  lists  the  configurations  evaluated. 

For  Group  I  with  fixed  •^/^va lues ,  each  of  the  configurations  except 
the  one  at  6.09  rad/sec  was  rated  as  unacceptable  because  of  a  tendency  to 
overstress  the  airplane  due  to  light  wheel  forces  rather  than  because  of  PIO 
tendencies.  When  the^/^was  increased,  the  pilot  ratings  became  better.  This 
does  not  mean  that  the  pilot  did  not  experience  PIO  tendencies,  because  the 
pilot  comments  indicate  that  these  problems  did  exist.  For  both  the  1.96  rad/sec 
and  4  rad/sec  configurations,  the  pilot  indicated  that  when  he  attempted  to 
tighten  his  control  loop,  he  found  that  the  oscillations  just  got  larger. 
Increasing  reduced  these  oscillations.  At  6.09  rad/sec,  the  pilot 

experienced  similar  oscillations  which  were  considered  objectionable,  but  his 
major  complaint  was  the  reaction  of  the  airplane  to  the  random  noise  disturb¬ 
ance  inputs. 

The  low  frequency  configuration  evaluated  in  Group  II  had  such  a 
heavy  that  the  airplane  was  extremely  difficult  to  maneuver.  The 

configuration  was  considered  to  have  a  hobbling  tendency  but  this  was 
completely  overshadowed  by  the  heavy  wheel  forces.  At  6.0  rad/sec  the  pilot 
indicated  that  he  could  track  fairly  well  at  low  gain  in  smooth  air.  The 
major  complaint  for  this  configuration,  as  in  the  Group  I  case,  was  that  the 
control  in  the  presence  of  the  random  elevator  disturbances  made  the  airplane 
unacceptable.  The  same  comments  were  found  for  the  configuration  evaluated 
at  10.3  rad/sec.  There  was  a  greater  tendency  to  bobble  the  airplane  when 
attempting  to  tra ~k  in  smooth  air  than  at  6  rad/sec,  but  the  characteristic 
that  made  the  configuration  unacceptable  was  again  the  performance  in  the 
presence  of  the  random  noise  disturbance. 

Intuitively  it  would  seem  reasonable  that  a  high-frequency  airplane 
would  be  more  susceptible  in  pitch  to  external  disturbances,  especially  at  the 
low  damping  ratio  (  .1)  evaluated.  This  suggests  that  there  is  possibly 

an  upper  boundary  to  the  short-period  frequency  for  light  shorjt -period  damping 
ratios  due  to  the  airplane  pitch  response  to  external  disturbances.  This  seems 
to  be  the  case  here;  unfortunately  there  are  very  few  data  points  and  the  random 
noise  disturbance  does  not  realistically  simulate  natural  turbulence,  i.e.,  the 
elevator  input  applies  only  pitching  moments  and  does  not  simulate  the  heaving 
motion  normally  found  in  natural  turbulence. 

It  can  also  be  concluded  that  PIO  problems  did  exist  for  most  of  the 
configurations.  It  was  also  possible  to  reduce  the  consequences  of  these 
oscillations  by  increasing  the  wheel  forces.  For  this  experiment,  it  can  be 
said  that  for  short-period  frequencies  of  6  rad/sec  and  greater,  and  at  a 
damping  ratio  of  *s*  *  -I.  the  major  complaint  of  the  pilot  was  the  response  of 
the  airplane  to  the  random  noise  inputs  through  the  elevator  and  that  this 
occurred  for  both  the  high  and  low  cases. 
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6.5 


COMPARISON  OF  Ri.SULTS  OF  SELECTED 


VALUES 


F 


Each  of  the  configurations  was  evaluated  at  least  twice,  once  with  a 


fixed  FjW! det 


lished  in 


^determined  to  lie  within  the  proposed  requirements  estab 

[Reference  1  and  varied  as  a  function  of  according  to  the  r 


results 


of  the  experiemnt  conducted  in  Reference  2,  and  again  with  the  opportunity  for 
the  pilot  to  select  what  he  considered  to  be  an  optimum  . 


Figures  36  and  37  show  a  comparison  of  the  values  of  as  a  function 

of  short-period  frequency  at  a  given  value  of v ’/abctween  those  fixed  during  the 
evaluation  and  those  selected  by  the  evaluation  pilot. 


The 


A 


A  show  the  same  trend  as  those  fixed 


values  selected  by  Pilot 

in  the  experiment,  however,  they  are  generally  5  to  10  pounds  heavier  than  the 
fixed  values.  The  two  obviously  heavy  values  selected  by  Pilot  A  at  3.6 

and  4.2  rad/sec  for  Group  I  were  felt  neces^ry  to  give  structural  protection 

forces  that  were  a  little 


in  a  symmetrical  pullup,  but  admittedly  resulted 
high  in  a  steady  g  turn.  It  is  interesting  that 
configuration  two  other  times  at  an  F£Wjv  sr  40 
acceptable  satisfactory  once  and  as  unacceptable 
acceptable  rating  was  due  to  the  pilot's  concern 
airplane  because  of  the  light  F£w!^i  It  is  the 


in  Forces  that  were  a 
he  evaluated  this  same 
lb/g  and  rated  it  as 
the  other  time.  The  un- 
about  overstressing  the 
author's  opinion  that  the 


pilot  comments  do  not  justify  an  unacceptable  rating,  particularly  when  they 
are  compared  with  the  comments  for  the  same  configuration  at  essentially  the 
j  value  evaluated  earlier. 


same  F 

£W 


The  ^  values  selected  by  Pilot  B  do  not  show  the  same  trend  as 

those  fixed  in  the  experiment;  as  the  short-period  frequency  increased,  the 
selected  values  of  F£W/rj^.  continued  to  decrease.  The  result  was  that  Pilot  B 
had  more  complaints  about  the  initial  response  being  sensitive  or  abrupt  at 
the  higher  short -period  frequencies.  The  low  value  of  selected  at 

5.3  rad/sec  for  Group  II  was  admitted  by  the  pilot  to  be  too  light. 


A  comparison  of  the  pilot  ratings  as  a  function  of  short-period  frequency 
and  shown  in  Figures  37  and  38  for  the  levels  and  flight  phase  categories 

presented  in  Reference  1.  Essentially,  the  airplane  must  have  a  pilot  rating 
of  3.5  or  less  within  the  Level  1,  Flight  Phase  Category  A  boundary  and  a  pilot 
rating  of  6.5  or  less  within  the  Level  2,  Flight  Phase  Category  A  boundary  for 
the  task  of  precision  maneuvering.  It  can  be  seen  that  in  general,  these 
criteria  have  been  met  with  the  exception  of  a  few  discrete  points. 

The  wheel  force  requirements  in  this  experiment  were  quite  different 
from  the  stick  force  requirements  established  in  Reference  2.  It  is  difficult 
to  make  a  direct  comparison  because  of  the  significantly  different  limiting  load 
factors  and  the  different  mission  requirements  for  the  two  experiments.  There 
was  a  stronger  tendency  to  use  the  control  force  level  to  provide  structural 
protection  for  the  whee 1 -cont rol led  airplane  than  for  the  stick-controlled 
fighter.  This  could  indicate  that  control  force  per  g  is  more  important  for 
structural  protection  in  a  low  to  medium  load  factor  airplane  than  in  a  high 
load  factor  airplane  where  the  human  tolerance  to  normal  acceleration  becomes 
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the  more  important  consideration.  In  other  words,  for  low  ^  structural  limits, 
the  pilot's  perception  of  the  limiting  g  is  not  very  good  in  comparison  with 
the  case  of  a  high  structural  limit  where  considerable  pilot  discomfort  and 
physiological  changes  may  occur.  Thus  the  higher  wheel  forces  accomplish  two 
things:  they  provide  the  pilot  with  an  increased  degree  of  n  perception  and 
physically  make  the  airplane  more  difficult  to  overstress.  * 


DISCUSSION  OF  RESULTS  OF  THE 


STUDY 


One  flight  during  the  in-flight  evaluation  program  was  used  to  evaluate 
the  effect  on  the  short-period  handling  qualities  of  variations  in  Sfwl”y 
The  configuration  used  was  a  Group  I  configuration  that  had  been  rated  acceptable 
satisfactory  with  a  1 1  in./g.  Additional  values  of  5r^/^equal  to  2,  3,  and 

4  in./g  were  evaluated  while  holding^/ essential  ly  constant.  The 
configurations  were  evaluated  by  Pilot  B. 

The  original  configuration  was  evaluated  three  times  at  a  ~  1  in./g 

and  given  ratings  of  1.5,  2.0  and  2.0.  The  wheel  displacements  were  described 
as  comfortable  in  the  first  evaluation  and  moderate  in  the  last  two.  The 
configuration,  in  general,  was  quite  good  with  good  tracking  capability 

With  increased  to  2.05  in./g,  the  wheel  displacements  were 

described  as  a  "little  on  the  high  side."  The  increased  displacements  were 
slightly  more  noticeable  and  caused  the  pilot  to  comment:  "there  was  something 
about  the  feel  of  the  aircraft  that  made  it  difficult  for  me  to  tell  whether 
the  stick  displacements  were  large  or  whether  the  response  was  just  slow."  The 
pilot,  though  commenting  about  the  wheel  displacements,  seemed  to  feel  his 
difficulty  in  a  tight  tracking  maneuver  was  due  mostly  to  the  airplane  dynamics. 
The  configuration  was  given  a  pilot  rating  of  3. 

At  a  .  3.3  in./g,  the  increased  wheel  displacements  were  quite 

noticeable,  described  as  "rather  large,"  and  were  listed  as  an  objectionable 
feature.  The  pilot  found  it  was  often  easy  to  get  out  of  phase  with  the 
tracking  needle  during  the  random  error  tracking  task  and  commented  that  he 
could  not  do  any  very  tight  tracking.  The  configuration  was  given  a  pilot 
rating  of  4. 

For  the  highest  evaluated  of  3.94  in./g,  the  pilot  reported  that 

it  seemed  to  take  a  lot  of  wheel  input  to  get  any  amount  of  initial  response 
and  that  the  wheel  displacements  seemed  quite  large.  Once  again  the  pilot 
reported  that  his  tracking  was  poor.  The  pilot  listed  as  an  objectionable 
feature  that  the  control  inputs  had  to  be  large  to  get  anything  out  of  the 
airplane  and  he  rated  the  airplane  a  5. 

Figure  39  shows  the  variation  in  pilot  rating  as  a  function  Of 
The  pilot  ratings  deteriorate  with  increas  ing  and  indicate  chat  the 

handling  qualities  were  less  than  acceptable  satisfactory  for  value  s  of  tfv/n 
greater  than  about  2.5  in./g.  figure  40  shows  the  comparison  of  the  pilot 
ratings  obtained  at  the  various  values  of  with  the  proposed  levels 

established  in  Reference  1.  ^ 
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SECTION  VII 
CONCLUSIONS 


/ 


A  flight  test  program  was  conducted  to  investigate  the  short-period 
handling  qualities  requirements  at  a  constant  damping  ratio  (  •  7)  at  two 

flight  conditions  for  a  wheel -control  led  airplane  with  a  low  to  medium  load 
factor.  The  two  flight  conditions  consisted  of  two  velocities  at  a  constant 
altitude.  This  resulted  in  two  values  of  //  r  ~  and  two  true  speeds. 

The  following  conclusions  were  reached:  / 

1.  ITie  short-period  frequency  requirements  were  different  for  the 
two  flight  conditions.  As  '/t0  and  velocity  were  increased, 
the  band  of  acceptable  short-period  frequencies  was  widened 
and  shifted  in  the  direction  of  higher  frequencies. 

2.  Pilot  opinion  of  the  longitudinal  short-period  handling 
qualities  was  found  to  deteriorate  for  frequencies  above 
and  below  an  optimum  frequency,  for  essentially  the  same 
reasons  at  both  flight  conditions.  For  those  frequencies 
below  the  optimum,  the  pilots  complained  about  the 
sluggishness  if  the  initial  response  and  the  tendency  to 
overcontrol  and  possibly  enter  a  low-frequency  PIO.  At 
the  higher  than  optimum  frequencies,  the  pilots  complained 
about  the  abruptness  or  sensitivity  of  the  initial  response 
and  the  tendency  to  bobble  the  airplane. 

3.  Selection  of  an  optimum  is  a  compromise  between 

desirable  initial  response  and  acceptable  steady  state 
forces  for  those  frequencies  above  and  below  the  optimum. 

At  the  lower  than  optimum  short -period  frequencies,  the 
pilot  wishes  to  have  light  wheel  forces  to  make  the  airplane 
respond  initially  but  this  leads  to  overcontroi  and  over¬ 
stressing  tendencies.  For  the  higher  than  optimum  short- 
period  frequencies,  the  pilot  would  like  heavy  wheel  forces 
to  reduce  the  abruptness  of  the  initial  response,  but  then 
he  finds  the  steady  state  forces  excessive. 

4.  Pilot  rating  data  was  shown  to  correlate  with  two 

parameters :  °°jp,  fV^jand  T°t  •  The  following 

limits  were  established  for  acceptable  satisfactory  pilot 
ratings  (PR  *  3.5):  (.43  t  o)t%  /(n/K)*  2 . 4)  and  (2 . 2  t  T0  ^  5 . 3) . 
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5.  For  the  constant  damping  ratio  cases  investigated,  the 
optimum  short-period  frequency  occurred  at  the  same  phase 
angle  of  the  short-period  mode  in  the  6  time  history  response 
to  a  step  elevator  input. 

6.  The  short-period  frequency  requirements  for  a  low  to  medium 
load  factor  airplane  with  a  wheel  controller  are  nearly 
identical  with  those  for  a  fighter  type  airplane  with  a  stick 
controller.  The  only  significant  difference  is  that  the 
pilots  are  more  tolerant  of  lower  than  optimum  short -period 
frequencies  for  the  mission  of  the  wheel-controlled  airplane  than 
they  are  for  the  same  conditions  for  the  fighter  mission.  This 
is  an  important  conclusion  because  it  allows  direct  comparison 

of  short-period  frequency  dita  obtained  with  either  wheel-  or 
stick-controlled  airplanes. 

7.  Pilot  opinion  of  longitudinal  handling  qualities  is 

significantly  influenced  by  the  amount  of  wheel  motion 
required  to  pull  an  incremental  rormal  acceleration.  It 
was  shown  that  in./g  or  greater  resulted  in 

unsatisfactory  handling  qualities. 

8.  Reducing  the  short-period  damping  ratio  to  %sp  «  .1  greatly 
increased  the  tendency  toward  pi  lot -induced  oscillations. 

For  this  experiment,  it  was  found  that  for  short -period 
frequencies  of  6  rad/sec  or  greater  at  a  damping  ratio  of 

~  . 1 ,  the  major  cause  for  the  unacceptable  pilot  ratings 
was  the  response  of  the  airplane  to  the  random  noise 
disturbances  to  the  elevator. 
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Figure  7  WHEEL  INSTALLATION  IN  VARIABLE  STABILITY  T-33 COCKPIT 
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Figure  41 


COMPARISON  OF  PILOT  RATING  DATA  WITH  PROPOSED  MIL-F-8785  SPECIFICATION  REQUIREMENTS 


FOR  CHANGES  IN 
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f  able  I 


PILOT  COMMENT  CARD 


A.  MAKE  COMMENTS  AT  ANY  TIME  AS  DESIRED. 

8.  MAKE  GENERAL  COMMENTS  ON  LONGITUDINAL  HANDLING  QUALITIES. 

C.  COMMENT  ON  THE  FOLLOWING  SPECIFIC  ITEMS. 

1.  ABILITY  TO  TRIM  ■  ANY  DIFFICULTIES  WITH  AIRSPEED  CONTROL? 

2.  FEEL  SYSTEM  CHARACTERISTICS- 

a.  STICK  FORCES 

b.  STICK  DISPLACEMENTS. 

3.  AIRPLANE  RESPONSE  TO  PILOT  INPUTS- 

a.  INITIAL  RESPONSE 

b.  FINAL  RESPONSE 

4.  PITCH  ATTITUDE  AND  NORMAL  ACCELERATION 
CONTROL  AND  TRACKING  CAPABILITY. 

5.  ALTITUDE  CONTROL  ABILITY  TO  ACQUIRE  AND 
STABILIZE  ON  A  NEW  ALTITUDE. 

6.  LONGITUDINAL  CONTROL  IN  TURNS: 

ENTRY  -  MAINTAINING  -  RECOVERY. 

7.  CLIMBING  AND  DESCENDING  TURNS. 

8.  COMMENT  ON  ATTITUDE  TRACKING  TASKS. 

9.  COMMENT  ON  CONTROL  IN  THE  PRESENCE  OF 
RANDOM  DISTURBANCE. 

10.  WAS  LATERAL-DIRECTIONAL  CONTROL  SATISFACTORY 
AND  DID  IT  DETRACT  FROM  THE  LONGITUDINAL 
EVALUATION? 

D.  SUMMARY  COMMENTS  ON  OVERALL  EVALUATION. 

1.  GOOD  FEATURES. 

2.  OBJECTIONAL  FEATURES. 

3.  SPECIAL  PILOTING  TECHNIQUES. 

4.  PIO  RATING 

5.  PILOT  RATING  BASED  ON  MISSION  PHASE- 
WORDS  AND  NUMBER 

6.  PRIMARY  REASON  FOR  RATING. 
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T  able  H 


PIO  TENDENCY  RATING  SCALE 


DESCRIPTION 

NUMERICAL 

RATING 

NO  TENDENCY  FOR  PILOT  TO  INDUCE  UNDESIRABLE 

MOTIONS, 

1 

UNDESIRABLE  MOTIONS  TEND  TO  OCCUR  WHEN 

PILOT  INITIATES  ABRUPT  MANEUVERS  OR  ATTEMPTS 

TIGHT  CONTROL  THESE  MOTIONS  CAN  BE  PREVENTED  OR 

ELIMINATED  BY  PI  LOT  TECHNIQUE . 

2 

UNDESIRABLE  MOTIONS  EASILY  INDUCED  WHEN  PILOT 

INITIATES  ABRUPT  MANEUVERS  OR  ATTEMPTS  TIGHT 

CONTROL.  THESE  MOTIONS  CAN  BE  PREVENTED  OR 

ELIMINATED  BUT  ONLY  AT  SACRIFICE  TO  TASK  PER¬ 
FORMANCE  OR  THROUGH  CONSIDERABLE  PILOT 

ATTENTION  AND  EFFORT 

3 

OSCILLATIONS  TEND  TO  DEVELOP  WHEN  PILOT  INITIATES 

ABRUPT  MANEUVERS  OR  ATTEMPTS  TIGHT  CONTROL 

PILOT  MUST  REDUCE  GAIN  OR  ABANDON  TASK  TO 

RECOVER 

4 

DIVERGENT  OSCILLATIONS  TEND  TO  DEVELOP  WHEN 

PILOT  INITIATES  ABRUPT  MANEUVERS  OR  ATTEMPTS 

TIGHT  CONTROL  PILOTMUST  OPEN  LOOP  BY  RELEASING 

OR  FREEZING  THE  STICK. 

5 

DISTURBANCE  OR  NORMAL  PILOT  CONTROL  MAY 

CAUSE  DIVERGENT  OSCILLATION  .  PILOT  MUST  OPEN 

CONTROL  LOOP  BY  RELEASING  OR  FREEZING  THE 

STICK. 

6 
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PILOT  RATING  SCALE 


APPENDIX  I 

LONGITUDINAL  TRANSFER  FUNCTIONS 


The  longitudinal  equations  of  motion  using  the  following  assumptions: 

1.  Stability  axes 

2.  Constant  speed 

3.  Incremental  effects  of  gravity  are  neglected 


can  be  written  as: 


0  ‘  t  M ^  $e 


(I-U 


i  «=  9  -  Ld  ac  -  Se 


(1-2) 


\  =  -Me  -£) 


(1-3) 


The  following  transfer  functions  in  Laplace  notation  are  written 
assuming  the  wings  are  always  level  so  that  6  -  s  6  -  y  and  that  the  dependent 

variables  9  ,  ac  and  are  incremental  values  from  the  reference  condition: 


9(s)  _  (Mft  -  LSe  Mj)s  *  (Msg ~  Lig ) 

Se(s)  ~  s* i  {l€ -  A l^s  - 


(1-4) 


ac( s)  _  s  *  (Mft  *■  Ls&) 


(1-5) 


VyM  V  Lft5li-(-LjeM^-LsaMijs*(MseLoC-Mlt,Lre) 


(1-6) 


Assuming  that  the  product  of  small  terms  is  negligible  (  i-#  /Vf  »  /, M,  *  O ) 

_i t±  =  (J '[-‘''’s;*"'-'']) 

S,(*)  *Z  +  (LtC-Mi-Mi)s-(M'i  +  L^)  (1-7) 
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tt(s)  _  S 1 1 1  _ 

ye(s)  "  s  l  +  (LaL-M.-Mk)s-(M(t  +  M%L'l) 


Se(5) 


r  1  S  f  JL 

v  [*?<re  L«-MccL  se\  g^TLll7 

q  sz-f  (L#- MtfMjjs  -  (M^  7  Mq  Lu) 


(1-8) 


(1-9) 


The  short-period  natural  frequency  and  damping  ratio  can  be  expressed: 


Making  these  substitutions 


z 

5P  = 

-J 

<a*. 

i 

1 

(I -10) 

= 

(1-11) 

y 

6SP  - 

(1-12) 

/ 

MS.^-  M«  i<fe 

(1-13) 

T 

M  r. 

T  - 

V« 

(1-14) 

OC 

Mr, 

“e 

r„  = 

*  /— ^ - 7“ 

(1-15) 

vj 

V  "<r«  V  '  ^  <rc 

Q(  s) 

«s«  (5*^V.) 

£e  (s) 

s  z  *  2%SP  <*>sp  s  *-  coSpl 

d-16) 

a(s) 

s+t) 

Se(s) 

s2  *■  2  X>SP(*)5P  5  +  ^SP2 

(1-17) 

Vf(s) 

✓  /  MfiAV-nJiM-tviS+O 

(1-18) 

§e(*) 

1  T^sz+2Z5P«J5Ps-uSP* 

R4 


For  almost  all  conventional  airplanes,  ^  is  quite  small  and  can  usually  be 
neglected.  2"^.  is  likewise  negligible  for  most  conventional  airplanes,  however, 
it  increases  in  importance  for  airplanes  on  which  is  large  and/or  the  tail 
length  is  quite  short.  In  this  experiment,  the  tail  length  was  sufficient  to 
make  negligible .  Thus  assuming,  2^,  ~  ±  *  o  and  making  the  above 

substitions ,  we  have:  £ 


(sv  >//r6t ) 
s**zKp^p 


(1-19) 


Z  K  uj  S  v  cj 
SP  SP  SP 


(1-20) 


(S) 


2  T6 


■  K  u> 
*sp  sp 


s*  +  z 


(1-21) 


The  following  relationships  are  derived  from  the  above  transfer  functions 


0  (s) 


Vs> 

VjM/Se  (5) 

at  (s) 

oc(s) /Se  (s) 

Pj(s) 

Pi(s)/S&(s) 

Q  (9) 

9(s)/$e  (s) 

Q(  s) 

5  M/e  (5  * 

J  w 

s2+2*sp^, 

(I-20) 


(1-23) 


(1-24) 


The  initial  pitch  acceleration,  90  ,  for  a  step  elevator  input  can  be 
obtained  by  the  initial  value  theorem: 


0O  _  lilt 

~s7  '  s*°° 


s5e  (*) 


1  +  uj>w  +  * 


(1-25) 


(1-26) 
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By  the  final  value  theorem,  the  steady  state  pitch  rate  to  a  step  input 
is  obtained: 


_  urn  [■/  efa\|  I"  (1-27) 

Se  s2*  2XSp(JSp*  +  ^SP1 


fll  =  M*C 
5^ 


(1-28) 


The  time  history  for  the  0  response  to  a  unit  elevator  step  input 
( S.  -  1)  can  be  described  as: 


(1-30) 

The  time  at  which  the  maximum  pitch  rate  overshoot,  ^  ,  will  occur  can  be 

obtained  from  the  conditions  for  &  -  0: 
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APPENDIX  II 


CALCULATION  OF  */r  AND  v ja. 


f  .  The  test  program  was  designed  primarily  to  evaluate  the  effect  of  j^/a; 
or  /r6l  on  the  short-period  handling  qualities  requirements.  In  order  to  ’ 
investigate  as  wide  a  range  of  as  possible,  a  low  value  of  16.5  g/rad 

and  a  high  value  of  56.2  g/rad  were  selected.  The  low  value  was  determined 
primarily  by  the  minimum  speed  at  which  the  evaluation  pilot  could  pull  2  g's 
without  entering  stall  buffet.  The  high  value  was  determined  by  the  T-33's 
performance  limitations. 

The  method  used  to  minimize  variations  in  yj,  oc  and  /t0  for  each 
configuration  was  based  on  the  following  analysis.  z 

The  equation  for  can  be  written  as 


jpVS 

2W 


(II-l) 


If  we  assume  constant  speed  and  neglect  the  incremental  effects  of 
gravity,  then  m^j  a.  can  be  approximated  by: 


pV*S 


( 1 1  -  2 ) 


It  can  be  seen  that  as  the  aircraft  weight  decreases  due  to  fuel  con¬ 
sumption,  the  velocity  would  have  to  be  decreased  proportionately  to  maintain 
a  constant  ’/TSl  .  If  a  constant  ’/r6z  were  maintained,  then  would  have 

to  decrease.  Thus,  a  compromise  must  be  accepted  wherein  the  variations  of 
y jg  and  ^ / ct  during  an  evaluation  are  held  to  a  minimum. 


Since  fA*z  varies  directly  with  velocity  and  Joe  varies  directly  with 
velocity  squared,  it  was  decided  that  /T$z  should  be  tne  freer  parameter.  Based 
on  the  predicted  aircraft  weight  change  due  to  fuel  consumption,  two  airspeeds 
for  the  low  speed  configurations  (Group  I)  and  two  airspeeds  for  the  high  speed 
configurations  (Group  II)  were  chosen  that  would  give  an  essentially  constant 
mean  ^ /<x  for  both  flight  regimes.  The  program  was  designed  to  ensure  that 
all  the  low  speed  configurations  would  be  evaluated  at  aircraft  gross  weights 
between  15,400  lb  and  13,270  lb,  and  all  high  speed  configurations  would  be 
evaluated  between  14,350  lb  and  11,800  lb.  The  two  airspeeds  for  the  low  speed 
configurations  were  then  chosen  to  give  a  mean  *  j°c-  of  approximately  16.5  g/rad 
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and  a  mean  of  approximately  1.29  per  sec.  The  airspeeds  for  the  high 

speed  configurations  were  selected  to  give  a  mean  of  56.2  g/rad  and  a 

mean  ,/Tez  of  2.65  per  sec.  The  data  upon  which  the  selection  of  these  airspeeds 
is  based  is  presented  in  Figures  1 1  - 1  end  1 1 -2 .  The  actual  airspeeds 
corresponding  to  the  various  gross  weight  ranges  and  the  respective  ' s 

and  i/T  '  s  are  shown  in  Tables  1 1  - 1  and  1 1  - 1 1 .  ^  <X 

*2 
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GROUP  n 


Table  II-II 


Table  II- II  (Cont. ) 

VARIATION  IN  4—  AND  WITH  AIRSPEED  AND  FUEL  REMAINING 


VELOCITY 

TRUE  -  KT 

WT.  CHANGE 

LB 

/u 

(RANGE  YALUE) 

i 

(RANGE  VALUE) 

413 

M  =.637 

540  FR  -  375  FR 

14350  -  13270 

(54.3  -  58.6) 

(2.49  -  2.70) 

396 

M  =.610 

375  FR  -  150  FR 

13270  -  11790 

(52.7  -  59.5) 

(2.53  -  2.84) 

MEAN 

VALUES 

i 

56.2 

2.65 

£  / 


(32.2)  (.00202)  (234.8) 


413  KT  =  698  FT/SEC 

l  \  (7.65)  (698)  (6.70)  _  ^ 

4  /-U 

(7.65)  (698)  (6.70) 

396  KT  =  669  FT/SEC 

V|  =  (7.65)  (669)  (6.55)  =  fj_\  =  (7,65)  (669)  (6.55) 


APPENDIX  III 

FEEL  SYSTEM  NOTCH  FILTER  CHARACTERISTICS 
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NOTCH  FILTER  FREQUENCY  RESPONSE 


FREQUENCY/"  RAD/SEC 


NOTCH  FILTER  FREQUENCY  RiSPONSE 


FREQUENCY"  RAD/SEC 


-L 

til 

; 

:  . 

i< 

— 

“1 

ii 

j 
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APPENDIX  IV 

CONFIGURATION  IDENTIFICATION  AND  TIME  HISTORIES 
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XXXX  AIRPLANE  +  ELEVATOR  ACTUATOR  DYNAMICS 
- AIRPLANE  ♦  FEEL  SYSTEM  ♦  ELEVATOR  ACTUATOR  DYNAMICS 


“T  T'  3  ?,  $ 

1 1 Mf  5EC 


o  r  ;  r  "T  $ 

TIME- SEC 


F.gureH-1  TIME  HISTORY  OF  RESPONSE  TO  FLEVATOR  STEP  INPUT 
GROUPI.  64,-1.96.  1sp  =.694 
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XXXX  AIRPLANE  +  ELEVATOR  ACTUATOR  DYNAMICS 
_ AIRPLANE  +  FEEL  SYSTEM  +  ELEVATOR  ACTUATOR  DYNAMICS 


Figure  nr-2  TIME  HISTORY  OF  RESPONSE  TO  ELEVATOR  STEP  INPUT, 
GROUP  I  =  3  08>  JSf  =  628 


XXXX  AIRPLANE  +  ELEVATOR  ACTUATOR  DYNAMICS 


- AIRPLANE  +  FEEL  SYSTEM  +  ELEVATOR  ACTUATOR  DYNAMICS 


TIME -SEC  TIME- SEC 


Figure  U3  TIME  HISTORY  OF  RESPONSE  TO  ELEVATOR  STEP  INPUT, 
GROUP L  u>s/,  =  4.05,^,=  .655 


XXXX  AIRPLANE  ♦  ELEVATOR  ACTUATOR  DYNAMICS 
_ AIRPLANE  +  FEEL  SYSTEM  +  ELEVATOR  ACTUATOR  DYNAMICS 


Figure  Dr-4  TIME  HISTORY  OF  RESPONSE  TO  ELEVATOR  STEP  INPUT, 
GROUP!  Hp  =  6  28/?  =  .663 


XXXX  AIRPLANE  +  ELEVATOR  ACTUATOR  DYNAMICS 
- AIRPLANE  ♦  FEEL  SYSTEM  +  ELEVATOR  ACTUATOR  DYNAMICS 


STEP  INPUT. 
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XXXX  AIRPLANE  ♦  ELEVATOR  ACTUATOR  DYNAMICS 
- AIRPLANE  +  FEEL  SYSTEM  +  ELEVATOR  ACTUATOR  DYNAMICS 


TIME-SEC  TIME-SEC 


Figure BT-€  TIME  HISTORY  OF  RESPONSE  TO  ELEVATOR  STEP  INPUT, 
GROUP  n,  =  3.33,  fsp  =  .598 


7 


XXXX  AIRPLANE  ♦  ELEVATOR  ACTUATOR  DYNAMICS 


- AIRPLANE  +  FEEL  SYSTEM  +  ELEVATOR  ACTUATOR  DYNAMICS 


TIME-SEC  TIME-SEC 


Figure ET-7  TIME  HISTORY  OF  RESPONSE  TO  ELEVATOR  STEP  INPUT, 
GROUP  0,  CJ,_  =  4.70,  =  .735 


XXXX  AIRPLANE  +  ELEVATOR  ACTUATOR  DYNAMICS 


AIRPLANE  +  FEEL  SYSTEM  +  ELEVATOR  ACTUATOR  DYNAMICS 


TIME-SEC  TIME-SEC 


Figure  128  TIME  HISTORY  OF  RESPONSE  TO  ELEVATOR  STEP  INPUT. 
GROUP  D,  CJ..  --  5.96,  =  .662 


XXXX  AIRPLANE  ♦  ELEVATOR  ACTUATOR  DYNAMICS 
_ AIRPLANE  ♦  FEEL  SYSTEM  ♦  ELEVATOR  ACTUATOR  DYNAMICS 


FiguI.m9  TIME  HISTORY  OF  RESPONSE  TO  ELEVATOR  STEP  INPUT. 

GROUP n,  6Jsp=  10.20,  JSP  =  .672 


XXXX  AIRPLANE  +  ELEVATOR  ACTUATOR  DYNAMICS 
- AIRPLANE  +  FEEL  SYSTEM  4  ELEVATOR  ACTUATOR  DYNAMICS 


FiflurelSriO  TIME  HISTORY  OF  RESPONSE  TO  ELEVATOR  STEP  INPUT 
GROUP  II,  CJ.  =  14.20.  /  =70 


Table  nT-EQ 

PIO  INVESTIGATION  CONFIGURATIONS 


XXXX  AIRPLANE  +  ELEVATOR  ACTUATOR  DYNAMICS 
- AIRPLANE  +  FEEL  SYSTEM  +  ELEVATOR  ACTUATOR  DYNAMICS 


:/ 


(5  I  5  5  T  \  v  [  1  \  \ 

TIME-SEC  T I  MI'  SPf 

Figure  IKI  1  TIME  HISTORY  OF  RESPONSE  TO  ELEVATOR  STEP  INPUT, 
GROUP  I,  CJp  -  1  96,  I#,  =  077 
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XXXX  AIRPLANE  +  ELEVATOR  ACTUATOR  DYNAMICS 
_ AIRPLANE  ♦  FEEL  SYSTEM  ♦  ELEVATOR  ACTUATOR  DYNAMICS 


XXXX  AIRPLANE  +  ELEVATOR  ACTUATOR  DYNAMICS 
-  AIRPLANE  ♦  FEEL  SYSTEM  ♦  ELEVATOR  ACTUATOR  DYNAMICS 


XXXX  AIRPLANE  +  ELEVATOR  ACTUATOR  DYNAMICS 
_ AIRPLANE  +  FEEL  SYSTEM  ♦  ELEVATOR  ACTUATOR  DYNAMICS 


Figure ET14  TIME  HISTORY  OF  RESPONSE  TO  ELEVATOR  STEP  INPUT, 
GROUP  U.O  -  3.40,  /  -  .11 


XXXX  AIRPLANE  +  ELEVATOR  ACTUATOR  DYNAMICS 
_ AIRPLANE  +  FEEL  SYSTEM  +  ELEVATOR  ACTUATOR  DYNAMICS 


APPENDIX  V 

SIMULATION  OF  SHORT-PERIOD  FREQUENCY  AND  DAMPING 


With  the  assumption  that  velocity  changes  are  negligible,  the  longitu¬ 
dinal  short-period  equations  of  motion  for  an  airplane  can  be  written  as: 


*  ~  Q  -  L^ol  - 


(V-l) 


9 


+  M.  oc  +  M‘  Sc  * 

OC  Oc 


4 


(V-2) 


The  solution  of  Equations  V-l  and  V-2  in  terms  of  the  dimensional  stability 
derivatives  yields  the  following  expressions  for  the  undamped  natural  frequency 
(  oJSP  )  and  damping  ratio  (  ^)  = 


10  ► 
11 

1 

i 

(V-3) 

2  10 SP 

(V-4) 

r 

(V-5) 

’sp 

Thus,  by  varying  the  values  of  the  derivatives  in  Equations  V-3  and  V-4 , 
the  airplane's  short-period  frequency  and  damping  ratio  can  be  varied.  In  the 
variable  stability  T-33,  it  is  only  possible  to  vary  by  varying  the  aircraft 
flight  condition,  which  in  turn  varies  the  other  derivatives.  For  this 
experiment,  1 «  was  held  fixed  at  two  different  values  as  discussed  in 
Section  III.  If  the  T-33  elevator  lift  (  )  is  neglected,  it  can  be  shown 

that  the  remaining  derivatives  can  be  varied  independently  by  changing  the 
gain  settings  in  the  response  feedback  loops  to  the  elevator  of  the  T-33  as 
shown  below: 


*(%-)  Kl.„ 

Ob 
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(V-8) 


The  quantities  e/oc  ,  <^e/oc  ,  and  <fe/^  are  the  constant  static  gain 
settings  to  the  elevator  as  a  function  of  the  airplane  -x  ,  <k  ,  and  £  responses. 
The  derivatives  in  Equations  V-6,  V-7,  and  V-8  are  the  T-33  derivatives  for  a 
given  flight  condition.  The  airplane  short-period  frequency  and  damping  can 
then  be  varied  by  changing  the  gain  settings  to  modify  the  T-33  derivatives. 

Equations  V-6,  V-7,  and  V-8  indicate  that  each  derivative  is  an  inde¬ 
pendent  function  of  only  one  gain.  However,  due  to  various  sensor  lags, 
coupled  with  the  dynamics  of  the  elevator  actuator,  the  derivatives  in  actuality 
become  a  function  dependent  on  all  three  gains. 

Equation  V-3  indicates  that  for  a  fixed  ^athe  short -period  frequency 
can  be  varied  by  changing  either  or  .  The  choice  to  vary  one  or  the 
other  of  the  derivatives  or  to  vary* both  of  them  is  somewhat  arbitrary.  The 
same  holds  true  for  the  damping  ratio  which  can  be  varied  by  changing  , 

M#  or  Mot  f°r  a  fixed  .  Since  this  program  was  originally  designed  to 
be  a  follow-on  to  the  program  described  in  Reference  10,  it  was  decided  that 
the  derivatives  would  be  modified  in  a  manner  similar  to  that  used  ir  Reference 
10. 


The  preliminary  gains  for  the  calibration  flights  were  determined 
analytically  from  the  measured  data  obtained  during  the  program  described 
in  Reference  10.  The  least-square-fit  equations  derived  in  that  program 
related  the  short-period  frequency  and  damping  ratio  to  the  aircraft  fuel 
remaining  and  the  feedback  gains.  These  equations  were  modified  to  fit  the 
wheel  program  and  then  used  to  calculate  the  static  gains  necessary  to 
simulate  the  desired  range  of  frequencies  at  a  constant  damping  ratio  (  =  .7). 

These  gains  were  then  flight  tested  in  the  initial  calibration  flights  and 
subsequently  modified  as  necessary  to  approximate  the  desired  frequencies  and 
damping  ratio  as  closely  as  possible. 
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APPENDIX  VI 


SIMULATION  OF  WHEEL  FORCE  PER  a  AND 
CONTROL  DEFLECTION  PER  y 


The  transfer  function  for  n*  (j)  /  (s')  including  the  effects  of  the 

airplane's  short-period  dynamics,  tne  feel  system  and  notch  filter  as  described 
in  Section  V,  and  the  elevator  actuator  can  be  written  as  follows: 


”*(s) 


\&L  (—l 


FeJ?)  (**+  +  K  s(OesS  *  b>J)(  s  *^^5  f  CO^)(sl4  273. 3  s  «  4739)  (VI-1) 


The  steady  state  normal  acceleration  can  be  obtained  from  Equation  VI-1  by 
using  the  final  value  theorem. 

lim  r_  _  9 


(”t) 


51  s-*eo 


[a 


T&z  g  \°IW/SS  j  r cwjss  v 


U>. 


5P 


Thus,  the  steady  state  wheel  force  per  y  can  be  expressed  as: 

z 


!—)  = 

^  1  Ai«r 


S  P 


Is*  ^ 

1 

/Se.w\ 

Q  T* 

*  ez 

( ^ BW  ! 

f 

55 

[FbwJss 

(VI-2) 


(VI-3) 


One  of  the  design  requirements  for  this  experiment  was  to  maintain  the 
control  deflection  per  yf^v/77?)  at  *  in . /g .  In  order  to  accomplish  this, 
the  above  expression  was  written  in  the  following  form: 


(VI-4) 


For  a  given  flight  condition,  the  control  deflection  per  y  is  only  a 
function  of  oosP  and  (  d"e  /  S£W )  ss  .  To  obtain  a  (  <5ew  /  of  1  in./g  it 

was  simply  a  matter  of  calibrating  the  (  <f8  /  few  W  gain  t0  correspond  to  the 
various  simulated  frequencies.  A  spring  rate  of  50  lb/in.  was  selected  for 
use  in  this  calibration.  During  the  calibration  flights,  the  (  dft  /  ^  )jy 

gain  was  then  varied  for  each  simulated  frequency  to  obtain  a  wheel  force  per  y 
of  50  Ib/g.  Once  this  was  accomplished,  the  control  deflection  was  essentially 
fixed  at  1  in./g  for  all  configurations  at  w  ^  =  50  lb/g.  To  change  the 
wheel  force  per  y  ,  the  safety  pilot  had  only  to  set  the  spring  rate  gain  at 
a  value  equal  in  magnitude  to  the  desired  wheel  force  per  y  ,  this  resulted  in 
the  proper  variation  of  f j  r?  while  maintaining  a  control  deflection  of  1  in./g. 
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APPENDIX  VII 
PILOT  COMMENT  DATA 
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‘1 


TABLE  U-I  PILOT  COM4ENT  SUMMARY,  PILOT  A,  FIXED 


MU 

inna 

wnmiKi 


MliMii  m  siaruac  Mia  t  unu 


m  %nm  tun  ihci  rwn  m  na. 


iuMiaiatTiM.il.  i«  Nan  iif-  laaau  Nani  nacwn.  t  oiari 


Pimn  taiMtaa  m  amaan,  mm  via  i 

M  NT  MU  T»  mi  II  U  «HCUf  U  I 

«MU  iw.  i  ata  w«  mm  miiuin 
ataviM  a  «  autau  unnM  ami 
■aim  m  aturm  tmm.  m  tiaau« 
nmMM  ia  Mama  uu*m  caaaati 
ii  mr  m  aaaa  m  i'a  um  rt  «i.  w 
um  w  aau  imi  m  «i  t*  mc- 
MMi  •  wm  i aim  a  ia  ua  ma 
na  srtaav  um  $  m  met  hkii  him 
re  aii  ltaana  mumht.  at  ? aa  a#- 
mm  m  irutT  nan  «  m  reacts 
iivfi  MV  mm  am  aar  avtou  unt 


Mitaaau  anti  aiaavaei- 


rat  lamu  atavaaai  ta  m  mai  l 
ia*ai  it  a  umi  km.  mt  mu  vav 
an  it  svaana  it  Mim  a  an  tuna, 
in  HMMM  as«t  it  n»«  aua  n 
iru  rm  aiacaa/t  a  a  mem 
minai. 


ia  mmti  m  amum  a  lain  aaaa.  to  snci  raaus  aaa  aianaumiTi 

if  ia  a  nan  raacnaa.  mm  ramaa  mm  miaaanu.  tmm  is  aa  timbct 

aiaaufl.  i  me  aa  vaaaua  tiimnm  mm  ra  iMMftaT»Tit  aviasTaiu  m  aia- 
m  a  nano  caaiaai  aaa  aaa  aaa  i  aat  run  n  ma  a  aaaa  mu  m  ana. 

iiiutiu-  aatiTtM  cm tim  mm  in  *a*  ta  tut  a»  ra  tat  uait  i*m 

aaaa.  it  am  rear  tuv  ta  ac«u«  aa  racra.  aa  ♦  aae-t  mac  vao  nbu 

ataaiua  aaai  auivaai  •  mm-  smbstmis  tm  a  tan  an. 

ua  icfuiaa  raaaa  aa  aauim  m  a 
ia  naa.  uaaira  ,m.  (mtw  i«  cum- 
mi  aaa  Mscnaiaa  laaaa  aai  can 


tm  aiacurra  laiTm  Minw  ta  « 
mat  iBWT  is  aaaa.  irs  aar  m 
aaaart.  aai  taa  siaaaisa.  mat  bici 
Minas,  tm  i (Mi  Mivaasi  <s  laian 
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M  HAS  TS  FIT  IT  MIN  MM  TTP( 
••ASTI. 


I  TNSNT  TIAT  OKI  AU  Till  IS  PSSNSIT 
A  VflT  MM  CNF  UNIT  IN  FN  TM 
MSI  IN.  TM  MIT  ICIflTATIN  I  IN  MW 
TUT  MTM  TM  STICI  FSKCI  MM  A  M  CSMMTASU.  IS  inMITUCAl  FILL 

UTTU  N  TM  IIN  SIM.  I'M  NT  MAILT  IPS  TM  STIC!  FSSCI  UASIIIT  FCLT 
INI  N  Till.  RNKTft.  II Id  I  SAT  IITI  MTTlt  TIN  IT  SIS  II  A  STINT  TIN 
■•FIT  AT  INST  I.S  IKlMfTAA  |.  NT  n*  FNCI  II  TM  TIN  BAS  JBIT 

(MS  TMP  I  HIT  TIAT  NTH  TM  FNCII  IBNN  IIMI  TIM  TUT  II  TM 

MM  A  UTTU  IIN.  TM  IIITIAl  FSBCII  ITNKTIICAl  PSLL-N  TS  MAI  M  MIN 

MIMS  TS  M  CSMMTASlt ,  MTU  (Ml  A  IT  MLS  A  UTTU  TM  MATT. 

UTTU  LINT.  TM  TSIMIHITT  MU  (ICIl- 
UST.  AITITSM  CM T SSL  US  #STTI  (AST. 

MAT  MM.  IMUTNIUL  CNTtM  II  TIM 
UTIIIS,  NIITAIIIN  TK  TIN.  AN 
NCTTIST  I  TMM>T  NS  (ICtlUlT  I 
TNSNT  CUMIN  AM  M  SUM  IN  TSM 
MH  TUT  (AST  TS  NM. 


AttPLAM 
Ml  PM  SI  If 

pi  lit  linns 


I  TNUNT  tm  lilt  III  XIPMSI  SAS 
A  UTTU  fUFSSlSS.  ■  »**  A 
MFIBITt  TflMKT  TS  Ttl  TS  SFll- 
N I Tf  TM  A irplam  isitialu. 

F I lal  MIFNII  JARN'T  TM  IN. 


TM  IIITIAL  MSPSNf  SF  Til  AIACIAFT 
IS  TM  SIN  I  Mb  LA  NCI  PMFII  A 
Nil  MSPMI IT(  AIACIAFT  TIT  IN  TS 
N1AII  A  IKAIT  STATI  t  IS  SSMWAT 
Of  A  PSOUOI.  I  IITAA I ASLT  flllMMt 
TM  MSIACO  «.  I  Ft  A  SMI  I  «1- 
MCI A  IT  IIPVT  UlS.  I  STILL  MIA¬ 
SM!  ISM  NAT 


ALU  USA!  IN  CMTAOl 


TM  SLUKtSBMSS  MS  MSI  lOTlCfAfLI 
II  TM  F I  TCI  A  TT  l  TSM  All  IONA  l 
ACCIUIAIlM  CMTAOL .  I  NAD  A  SIAOM 
TIOOdCT  to  OflllNMI  NTH  IN  ITS  I  - 
TNI  AND  ACCdfAATIM.  MN  I 
AOJSlTfO  NT  Ai  IN.  I  CMLO  MOVCI  NT 
NININOT  TO  ALNSI  /IN.  TM 
TNACIIM  CAPASHIIT  IAS  FAIN  TO  POM 
TM  CMLO  TRACS  SI  TINT  SflASHOOIINl 
MT  MIT  |T  AOJBlTIM  TWS  UH  SO 
AI  Tl  MT  FMCI  TM  AISPLAM 


TNI  SI  IS  A  SCFISlTl  TINOtlKT  TO  OTINSNOl 
W  S  I  AID  FITCN  ATTl  TSM  S  AN  •  UTILS. 
PITCH  ATT  I  TSM  CMTISl  CAS  M  INPtOVtt 
•T  MIIHt  SLSMA  IINIS,  NT  TMB  TN 
NATI  A  TIAT  SLSMIM  AISPLAM . 


m  IIITIAl  STICI  FIKi  Ml  NON  If 
ANTTHM  IT  NT  UTf  SUN  lllfSHT 
LINT.  STIC!  IIIPlACtMSTI  APPtMIl  II 
M  CSMMTASU.  IS  imCTIlCAl  PBll- 


tr  S  TM  ISITIAl  MSPSBM  US  fflITI  SMS 
FN  Till  CLASS  AISPLAM.  TMSf  US  I 
FMIUI  IS  UINTAH  IN*  A  ST(A|T  STATI 
(ICIPT  TUT  I  FILT  TM  FNCII  NH  A 
UTTU  BIN. 


PUN  ATT  I  TSM  CNTSOL  «U  I 
ACCIUIAT  IN  CNTISL  I  THOM 
(ICFUIOT. 


IS  M  SC  SAL  A  mm  SON  AISPLAM;  I 
CM'T  Ml  ANT  n  IN  MOSS  IT  liAM|NT| 
ANSI  Till  AISPLAM.  •  TlIM  I  SMLA 
PMSISLT  UK  TS  UK  TM  AIIPUM  A 
UTTU  NM  MRPMIIVf  IS  PITCI.  I  III 
TM  ITtCI  FNCI  MAI  I  (ST ,  il  TMMB  IT 
IS  IUMTLT  LINT  AN  TMN  IS  A  ftlINT 
TIM  OCT  TS  OH  SNOOT  IS  TM  TULA  IN 
mo.  tm  OM I  ALL  FMMIIIM  IS  TUT 
IT'S  A  SON  AISPLAM. 


I  IIMI  TM  ITtAST  STATI  STIC!  FMCI 
AN  tl  MMUl  FILT  TM  FNCII  MH 
NN  MT  PMSISLT  FN  ISIS  CUSS  M 
AltCSAF  T  TMT  SINT  M  JUT  A  UTTU 
N  TM  LINT  SIM,  FSOSMU  MT  NCI 
NT  HUNT  IT.  HCAMf  SF  TM  MMIAH 
MT  P1IIM  FMfMSCT  I  Mill*  I 
NTS  A  TUMSCT  TS  PSMISLT  N(SMIT| 
TM  AISPLAM  A  UTTU  AN  Till  IITF.I 
TM  FNTMSSIM  SF  USMI  STICI  NT  IMS 
NT  I  NAN  POUT  ITT  SOTICIAOU.  I 
I  MU  MT  TM  STICI  |I|PIAC(M»TI 
AM  MM IAT1 


Till  SUN  TO  M  I  PM  ITT  MN  Alt- 
CIAFT.  TM  STIC!  PtMIS  AT.  SON!  PUIM 
FMfMSCT  MN  TS  MTti  MU  PM  Till 
CANS  AltfsAPT:  INN  tit,  N  TM  IN- 
SIM  TASKS  TM  AISPLAM  MOO  Tf 
NM  A  MPT  PUL  TS  IT.  t  MSI  MT 
TM  STICI  NT  ISM  MM  MMUTt.  I  SIS 
MM  A  SUNT  TMMBCT  IS  OTt KNOTT 
IMir  TOACSIM,  M  N  NfUU  IMStf- 
SIN  If  TUT  IT'S  A  SMI  AISCSBFT  NT  IT 
CSBLA  M  HI  NUT  NNPSMtS.  I  BN  M 
POSSLMS  IS  tin  TJ TFT  N  UIHTAIBIM 
.  um  TVNS.  N  PBOWUB  IS  CUMIN  M 
'  MICfNtBS  TINS.  I  BN  MN  CNTMl  SF 
un  SF  CUM  AN  MSCfIT. 


I  TBBBMT  TM  STICK  FNCII  MSI  fWlTI  tl.t  TM  AISPLftM’l  ISITIAL  AH  FIUL 
00*0  TMT  NT  ITU  M  IIIMUT  LINT  MIPSBKS  AM  BMW. 

SIK4  TM  PILOT  BU  MM  TIMCBCT  TS 

WtNNfl  SMB  M'S  TBOCIIM  tSIM 
PUT  BIN  UIH.  STIC!  SIIPUCMIT) 

AM  WMUn 


FITCN  ATTITWM  AH  BSBWL  ACCIUNAUM 
CNTML  UN'!  fBlM  AS  BON  AS  I  llPfCUI. 
IF  I  II PI  m  U  IN  OSH  I  SAS  A  1 1  Till 
NIT  SLN  IN  If  NCI  NS  TM  TNALUM  (INI 
TS  /INS  AN  If  I  FICUS  M  UlS  HP.  I  NAi 
A  T(N( OCT  TO  Ml NSBMT  .  TM  TIALf  IBS  NAI 
FAIN  TO  SON  SIFT  MT  AI  BON  AS  I  SOU  It 
UK  TS  III  IT.  I  THIS!  I  WU  NATI  LI  1(9 
A  MBf  HSPNSITI  AISPLAM.  MMTtl.  FN  A 
MOtlATllT  i ATM  AINPLAM  TN  PSOSASLT 
BN*  T  MAT  TB  PWl  IT  A  ASSN  fMItl  TNT 
FUT  SS  IT  BINT  NIT  M  SUT. 


I  BN  TUT  SMB  PITCI  Alt  I  TNI  MB  SOBMl 
ACC1UIATIN  CMTSOi  OMIBS  ALL  Of  TM 
■MMTttt  I  CM  If  MU)  A  MUBIN  «  N 
MMM  TB  A  BN  B  UMl  Tl  TB  M  PHAUL 


I  LOT  B,  FIXED  ■§*  GROUP  I  ( l/r^  *1.29,  *)/*  *16.5  g/RAD,  »0.7,  ^r=  411  FT/SEC) 


•UIl  ii  ROttiBCl 

liMM  IHT«MK(1 


HJf  CT  i Will (  fll'MIS 


MIMI*  MINI 
•  N  SHOT  IlftNt 


Turn  at!  *  3IIIIIK  URDUCy  to  0*IISR0Ot 

the  DimtO  unroot  out i>fi  ire  IIHUH 
run.  tm  o* eisroqts  '«•  »  cum  •> 

CHlES  TO  Bit"  out  BEFORE  TOO  COULD  III 
( JTAAl  ItNtD  On  TM(  ITTiTuM. 


I r  TIACI HI  RERFORNARCE  NAS  DU  - 
l!T(l'  01  TIB  I  OR  AT  ID  It  TUI  IIROOm 
D i  s  turiahc ( s .  (ill  T«oui«  Tut  a* 
RlHUOt  Of  INI  DISTURBANCES  lit 
•MU  It  NAS  RAID  TO  NAK  HI 
TIACI  HA  (HORS  MALI  BECAUSE  TR| 
fUOUdCT  Of  Til  UUUMANCIT  RAT 
JUST  TOO  f A|T  fM  TR|  Hill  TO 
KIR  MR  NUN. 


TR[  AliriARl  l|  NfLL  OANRED.  I  UK 
Tfl!  HiTiAL  l(|RON|(. 


TH(  ITfAOT  IT AT|  $T  l£l  TORCH  AR(  A 
1 1  Till  ON  TN(  H I  OR  HOC.  TNIRI  NAS  IM 
TCRDIRCT  to  OOOOll  TN(  AlRCIAT T . 


TNIRI  II  MM  RIO  TINOOKT ,  OUT  IT*  |  NIR- 
IMM.  TNI  AllRUUM  l|  ACCIRTAOK  MO 
lATlIfACTRRT.  IT  NAS  AM  NILOlT  NRUASMT 
C  RAJ  AC  Til  I  IT  ICI  1 


ACCUtAAT  OH 
ID  RAVI 
SUONTIT. 


Out  HA  TNI  ATTlTUOf  T|AC«IR«  Till  i  OlO 
Rill  TONI  rilPIRCT  TO  OTIISROOI  TNI  C 
NN(  R  NAO  NT  IRRVT  AA  IR  NAT  UR  NON!  Tfl. 

I  COULD  ITOR  TNI  ATTITUDE  CROSSOAI  JUST 
ABOUT  mill  I  «AIT(D  U.  If  I  010  0*11 
SNOOT.  It  NAS  HIT  (AST  TO  NAK  U|  COR 
IlCIlOk  TO  Nils  it  I  AC  1  TO  ?(I0.  TNI  RAN- 
OOM  NO!  SI  TOACIIRO  AAVl  M  A  l  iTTll  NOR  I 
TROUBLE  MC  AUK  NNIR  NAHM  SNAIL  AAARl  I  - 
TlfOI  [HOI  CORIICTiMI  I  HI  NAK  A  TIN- 
OIRCf  II  OOOOLC. 


NT  TIACI  1 00  RIlfORNAKt  HI  fill.  I  RAD 
THE  fill  TOO  IHTlAllt  THAT  I  nOULD  OOOOLl 

ini  aibrlmi,  oui  iris  tinoinct  nas  at  a 

NlR  INJN.  nil  OOOIURA  TINOINCT  OKI  IM 
UR  A  l  IT  Tit  NOR!  II  TN|  RANOM  I  BRUT 
TtiClllfi  I  TNIRI  THIS  IS  MCAUK  Of  TNI 
SNAIL  AMRl  i  T UOl  IRRUT1  AT  NlftH  PILOT 
SAIIS. 


IT  NAS  ROTiriAlLT  MAE  OlMlCULT  TO  I  Tit  AHRlAlt  HAS  RtlTt*  00  00.  IIS- 


RO  HAL  OOJtC T  lONAILl  KATURES 


ISTAOUSH  A  111(1  ATTUMOI  IR  !■( 
RtlHICI  Of  I  AND  ON  0ISTV00AOCIS. 
ROM  Til  TNI  AIIRLAOI  010  NO1  II- 
H I  ft  I T  ANT  UNUSUAL  CNAIACHI  1ST  ICS 
OTNII  THAR  NNAT  TftU  NlftNT  ||R|(T  IR 

roonal  rvoouuoa. 


TN{  I 'Of  IR  TRt  RIIKRCI  Of  IAR- 
OON  DISTVROANCIS  NAS  A  HI  CRftRRT. 
fM  SMALL  DlSTUMARCIS  Til  AIORLANI 
IS  OIAT,  OUT  lT|  KlfMNARCI  IR 
TNI  RRISINCI  Of  Lilli  DISTURBANCES 
COULD  01  INRIOTID. 


RONS  1*1 ,  AID  TNI  SNM  t  RtllOO 
OAMRlM  NAS  MOO.  TN|  JT»C*  » 0*C€ 
OR  AD  TINTS  ARO  TN|  OHIALl  MEL 
SUMO  IliSMillE 


TRt  AIIRLAOI  IS  NlLL  OANRED  ARO  RAS 
A  0000  INITIAL  IISRONK. 


TRt  RlAlT  fORCIS  ARE  THE  MS'  OftJEC- 
T I ONAOlt  FEATURE 


TNf  IE '»  A  SUONT  RIO  TUMKT.  SOM  NN- 
HIIOAOLI  NOTION  OMS  OCCOB  OUT  CM  M 

IAS  l  IT  ROHCITIO  Of  A  1 1  BMC  T  IM  II 
RILIT  OA 10.  I'M  MIM  TO  OATI  IT  A  RIM 
Of  l.«.  Tam  MSI  JUST  INOUM  TNI  NOS 
TRA  t  DIMM  UK,  RART ICULARLT  IN  TM 
TIACI  IM  TASI  AM  IN  TNI  BIIPMBI  10 
TMOULUCI  THAT  I  BILL  OATI  IT  A 
AD  l-|. S. 


TNtlf  UAS  A  SUONT  TfNMBCT  fM  HI  TO 
OCCUR.  I'll  III!  IT  R  RIO  1ST  IM  Of  ij. 
I'D  SAT  TM  AIKOAfl  IS  CMTOOUAOU.  IT 
II  ACCinAllI  AM  TM  MIT  fUCITIM  IS 
MITNIl  IT  II  SATIIfACTMT  01  UNIAT  TS- 
f  AC  TORY  BASIS  ON  TNI  MATT  STIC*  fMCIS. 
t  TRIM  nil  IS  A  NIOM  OUT  AMOTIM 
OIMCIDCT  NITR  IMPNMOCOT  IlfMSTU. 

I  TRIM  I  CM  M  TNf  UiSIIOi  OUT  BTC  AUK 
Of  m  MATT  FMCIS  I  MOLD  NAVI  Tm  MSI 
VIST  BARB  I'll  IATI  IT  M  A-N. 
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TABLE  U-m  PILOT  COMMENT  SUMMARY,  PILOT  A,  FIXED  -g 


hUf  I  »i» 
•Mm  I  lirm 


•win 

{lUMflllUKI 


tail  UMlMI  i|  t|4ll*  Ml  Ml  It  I  («  ITlCI  fMCII  !l  I  Ml  II  l  llllll 

i«U  it  in  f M  rut  rm  Nisiita  ut  I  anti  im  Mil  iimiii  it  ■*■(.  MCI  hi 


4  Ilf  III  HIMI'Ib  IN  ?M  Nil  *  rta 
MM  It  MIMMItfl-  IM  Ml  M«l  t 
Mt  PiTCa  ttfl  Hat  IM  Mil  MCiuM 
TM  14*1  ft  Ml  MC*  LINI  ItPVtl  It 

ft  mi  m  mu  min  it 1 1 mil 


lltnill  til  M I  Hit  Ml  41  IM 
HlilT  Itlll  I  IM  fMCII  If (N  It  M 
MI  t  llflU  UMI  i  It  111  tilt  IKK 
IMCtl  IM  CMLt  itMTOTtailT  Mil- 
I7RII  TM  tittUM  JliCt  l-mKI. 
Mill  MM  Mil 


i  tM'i  iinciMtii  i  «i  it  Mcavsi  i  him  hi  urea  'Neil  mi  >iiim- 

hi  a  iLtMita  aitriaw  a  at  Mtitau?  a*u  it  mi  im  Htvcittai  rttm- 

ati  at  fan  tutMtitt  at  rt  un  it  hi  tin  bmitii  tmi  iin  it  tituci 
im  rt 1 1  mi  m  titiiM  ii  aman  *m  ■  man  immit  tfcavsi  Of  im 
TMI  TM  t  INI  M  UMI  IM  tllCt  tail  IUMH>  t'tPiaM 
M  at  Kan  im  t  nuttat  it  twittai 
ini  tM  twtmi  tim  it  ui. 


i  mu  m  nai  ctmaitii  atMi  im  tit- 
tiatc,  MT  IT  MU  tM  It  I  fill  at  tMt 
at  I  aMLt  UU.  HI  HIM  I  III  It 
TMT  till  I  ill  T  HI  |  If  INS  T|  KM 
TM  met  MU.  TM  MIN  It  MT  t  M 
Hf  aitna«  MTMf  IM  Mil  l/l  II. 

Ml  mitt  Tt  CM  it*  TM  IITIHM  rm 
Mtl  It  CMC!  HI  IKVITM  It  Mil  HI 
mm  MM  TM  MT  IT.  It  Malta* 

TM  cat  Ttaci  ftITIT  MU  till  TM  ill- 
KM.  IMtilttitai  (Him  IB  Htll 

it  MMCHt  IT  Tail  MUitt  rati  « 

Ltatt  Hf  met  MTI.  MCI  TM  Ml  4H- 
•  II I /It  It  a  TM  Hf  CM  It*  Kill 


Hit  tltHMf  It  TUT  ttM  au  MMM 
I  Mt'T  MTI  MT  CMMiailTS  M  ilT- 
Ttltt  I  *  II  Hit.  iMtlTMIMl  CMTI* 
It  IBM  I  It  TUT  MM.  ITlITlt  Itt  II 
JtIT  fill  TtM  IT  II  UST  Tt  Ml! 

am hm  ctMtii  Mt  tiatiun  M  hi 
an  an  hum. 


Hit  it  uaiLT  mi  ti  hi  aicin  a it- 
flMts  i  bit!  lilt  it  hi.  tut  tticiu 
CMTttl.  Till  Mu  oattlD.  at  IfMItCT 
It  MMlI .  Till  Mill  MM  ail  Hf  aa* . 


I  1 1 in  HI  Httiatf  Itt  itaciitt 

HI  ITlCI  iNl(  tft  •  IS  <M  ■  iM 

BM!  Til 


hi  lamai  iTtci  inch  tua  mi¬ 
nin'  hmt.  tm  an  amai r  laina- 
TaMMi  t  t  until  mu  tm  siaat  to 
mu.  at  tm  mu  me  a  aiMit  « 
m  inch  tu  a  mui  im  mitt 

It  1 1 IIUT  TM  ’MCll  MH  lilt  H 

tf  a  mill  umi  *N  «ui  tm  Bttit 
IIHCT  met  IlIKKfNiil  Mtl  MM. 


aitnaai 
hi  mn  it 
mti  itttn 


IM  itiiiai  atlPMlf  ri Ml  it  M  a 
mni  iiattiia.  tm  ntai  tiuoaif 
it  MM  att  UiatT 


tm  iiiuai  tfiMtii  >i  iitt*' M  >i  a 

TUT  HIM  Ilfl'll  Hit!  U  tt 
ttcniaiMT  tutftCT  aat  hi  mai 

iiipmsi  u  sen1'  au  mat.  nmi  i 
aaai  it  nmi  a  man  flu  »asi  nK’ 
IM  aittiitl  MILS  Sltftt'lt  NT  Hft 
Mia  it  suns  MTiat  HI  I  SttT  Of 
CMS  M  NICHI  Hat  I  unci  ato  i 
lit  u*  tiwat  a  llllll  MMf  laat  > 
tatiit  It  ttit  I  fill  as  CMfOtutu 
as  i  aNit  mi 


Hf  Itiiiai  HI  Hast  is  T(tT  QuiCI  it 
Hits  tt  COM  M  ant  taaou  »•> 

HINT.  I  til  HI  ftluat  Hft  HIT  HI 
I  CMIS  tt  fault  laat  t*i  aOUiO 
IIHCT  lot  *  1 1 Tft  aMOuai  Of  imruoi 

caaau 


mci  im  aitPiati  iiipmsi  suits  n 
mots  to  tan  om  f ist|i  iia«  unc 

Ml  '1  MIS  dill  USUI  HO  l  (la  fill 
It  TO  1|  UD  HOLD  IT  till  mi'iTli! 

1 1 t tu  t'fficvnT  tMt  urn  Pvmat  « 
HI  it  1 1  *  a  l  IIIPMSI  »0u  111  lOOIS  I'll 
iis  ini  Of  O'tiiat  it  i  umi  tm  ta* 
hi  met  aunuot  ato  i  tune  up  jti' 
NfH  I  fill  aid  ft.  tUi  Hie i si  eta 
Till  it  Ttaci  itt  It'S  totf  Difficult 
IM  HUH  aililuM  COM!  (TUBS  ua»  fOt 
■  itM  i  t  NaaufTUS 


PiTCa  atiiTuOf  AtO  tot  Mai.  accuftanoa 
CMTtOl  him  TO  If  'NO  O'lfltlH  '■'■IS 
am  mi  ato  «  itmtiiT  sum  '0  »i  >M 
o if f Ufti  iiipopsis  iff  i  c  a:,  o»  so 

fb'CUT  Hat  TOU  MIL  'I  IflOH  »0l  SI  I 

IM  an i hoi  cnaati  m»  muck  <t  sta> 
Of  tfiPs  tou  itiTiauT  't  ftacaiti 
ticausi  it  b'Tis  <ou  a  ciul  i*a»  hi 
aitPLaai  is  tout  to  sun  weak. 
Mn(tU  to  S*0p  Ot  a  i at &i i  ton  mti  tt 
Ctlci  Hi  fiiratot  oail  iou  «i  ot 
HI  Ttttf  Hf  CMTttl  SUNS  >o  ti  war 


TM  fin  ITIKN  It  tfOftai  iM  IM 
ITlCI  INCH  10  PAtfiCJPiaa  Mt  HIT 
MM  Itlll  tltPlMI. 


h:  met  f mci i  Mti  tusMtiu 
IN  a  l  t  tltPlMI.  Hf  I»tiat  tail 
■as  an  MTIiMtHl  MO  ■  .VitiM 
Of  HI  4'IPimi  aas  001  PINCI0 
•1  at?  vauiuai  suet  OUPitctMtH. 


IM  snaoT  s»ai|  1 1  ■  c a  f0*ci  Pit  * 
tm  Pit*  Hf  tf  BUI  N  POT  iCItOll 
IITCI  D  SPUCIMP'S 


a iiPiaat  HSPMSt  H  itrvii  is  Tin  wet  smhmi  a 
ftict  mnaiiT.  mi  Mi  to  N'Ct  Tati  cmh*  >i  tote 

TM  MU  10  OTltlHIII  hi  aitPIMI  CM  HOI 

It*  fitti  IIIPMSI  <1  Till  MM.  TOW 
CM  STOP  IM  tltPlMI  Mnaill  TM  NMI 
It 


to  IfMHC  <0  o«u 


H|  Hiliai  tllPMII  II  TUT  PtICiSf 
TM  Ml  TM  till  If  caam  Of  aTiiiuoi 
It  Hi  •  Mill  IPS'  It  It  talvtll  IT 
■apis  hi  aitPiati  tin  mi  n  is 
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WSMISFICTOIT  M  TH  Milt  OF  TMI  STICK 

I0ICIS  MO  STICI  0 1  miCEMRT! .  1  VOULO 

fill  TMI!  WOOIUTClt  ORJIC T  iMAlLl 
DCriCKRCUS  I'LL  RITE  IT  1  1  1/2 

T|  iTHUMOt 
»i'»wi  of  t»i 

t|  K  HIT 
(III  tl|  ltl(iiil 
•CliH  111!  tO 

HI  III  TM  STEf  IMVT  TIACIlM  1  HI 

TI  M  1  ifr  OF  mil  ■UUVIITIM. 
COMEfMiTIT  1  UK  TO  HT  VI  H  Ml  IM 
•IT  ¥  TM  TIM  AM  FM  Till  LllU  CM- 
HCt IMS  1  MIT  OM't  Mil  IMVU  IMS 

1ITN  Ml  UM  TO  hit  IR  Tl(  MCI  UAH 
IllVltM.  VERT  AFTER  t«  COttlCHOR] 

HR  HIM  IR  Itin.  1  FVT  IR  Wit  1  CM- 
SIHI  TO  M  1  MlItT  LUO*  HMft  Ml  HER 

I  TIRO  THAT  I'M  Mt  «VIT(  T1EM  M  1  Ht 

II  IMT1EI.  Till  Sf CRM  IRFVT  IMlLLT 
cnilfl  H  tt  OTIIMMT  THU  ITEIUMT 
rieoiRCT  mi  .aaticulirlt  trve  ir  tm 
HIATIVE  0  OIRECTIM.  I'H  VltT  NIITIRt 

TI  Kt  IR  URIC  M0ITIVE  1  IRfVtS  IECMU 

RT  TVS  OOIRMMT  TfROEKT.  II  1  ,IT 

•  ill  TVS  AMOS  1  RIVE  MCI  OEttEI  SUCCESS 

I  It  III  SO  VI  1  TIRMKT  TO  HOI1IRMT 

II 11  rn  LA *11  IITVTI  AM  OKI S100T  fill 

TM  IHIlt  (MVtl.  T  WM  SIT  T«  #»(•- 
IMOt  TIRMKT  IR  TM  RAH 01  I0PVT 

TPACI  ISO  TIMS  Ml  Hitt.  TH  TRIM  TUT 
NTHIII  ■  HOST  MS  TM  AR0WT14II  II  TH 

II  IT  1  At  HINRIt  RATMIR  TMR  Tl(  HOLLA- 
TRRT  tihekt. 

tm  mu  ii  nut  men  ae.ectco 

TM  HMtlRI  U" TI  1  *1  T .  Ii  TI 

TM  mu  DISTMMICIS  KEKIT. 

Til  ITEAOT-SHTf  IM  HM'.UVEIIM 
»IIC«  FOKES  SETH  HlVlER.  1  H '  T 

IW  WITOEt  This  IS  true  or  rot, 
mt  TUT'I  Hi  111  II  FEELS 

1  DIE  TM  II  S.ORS  I  TIM SS  HO  tl( 

•  MFiM  SUM  MM 

TM  III  AMT  IIMHCT  TO  OvEICMtlOl 

M  OftlMMT,  AMO  TH(  AMU. TRESS 

IR  TNI  II 1  T  1  II  IESV01U  MM 

RMECTIMIRti 

I’H  10 HI  TO  I'VE  IT  1  VIOR  ¥  2.  1  TUN 

TH  1  itFtAlE  IS  M  Tl(  OOINIURI  »IT1|(I 
SITISFKIORT  1R0  WIATIIFICIMT  MdUlI  OF 

1  LOT  OF  LITTLE  TIIOOI  TM  STICI  F04CES 

Odll  1  11  MU  MlfT.  TM  lORUMRESS  .1  L 

TH  IRlTllL  HI  MRU  MO  THE  (t»(CT  TN( 

IIROOH  IRKTI  MAO  M  tl(  liiniRE  ILL 
CMttIMTE  TO  HUE  HE  F((l  THE  III. LARI  l| 

MT  fU  1  re  II  0000  II  IT  tlOUlJ  M  I'll 
•iti  ii  i-n. 

f 
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H 

1 

nut 

p.ittt 

Fit 

tit  it# 

iMIH 

(Wl'l 

MIL 

|T|t|N 

CHAR  A.  IIIUICI 

1 

AIIFLAM 

HIFMU  TO 
fllit  IMFWTI 

ATliluot 

1 1 AC l IRS 

•M 

It.I 

*1 

• 

i 

tIKIULi  l  Mi’ T  Mill  tit  iliniN  l| 
ft!  »i»  11  MMt  IIMICM.  1  TRIM  tit 
(MU  NUN  ll  VEIL  INN l».  tn  PtiMAAT 
MVfCtlM  II  Tl|  ■  id  It  id  IffCJI.  l 

AAR  MM  IIMlCtlM  t|  10*11.  It  HIM! 
U  'NUN  It  TMI  Ml  A  urttl  LMUI 

T#  tilt*  THAR  1  Mlt  Rill  lint,  ill* 
Silt#  CM  Till  MAI  M  MARIA  |  MUM 

T*  IMIVR .  1  R  Ai  MM  llldt  ilMlCiltl 

■  UR  AiRIPItl  CNtli.  1  RAM  fi  Mil. 
NKAtl  TM  TAARTTII  «  Lit  TV  NAIRtlll 
AIIIFfil  M  1  tit  MM  tilt  CRMAI  AMD 

1  Mum  tail  CAWlil  TIN  ntflCVlM 

IR  AillttM  CMTiil.  1  RAA  IM  Fit* 

KIM  RltR  LMiltMliAL  CM1IRL  IR 
(RTI  l||.  MAIRtAIRIM.  AM  tlCtVlIIII 

MRM  ttfRRI.  1  RAF  Mil  tlMICtlt?  RlTR 
•AM  M  CUM  (tititi  MCt  «AU  Mt  tR( 

IF t f  Rf  CUM  lltAMllRlt  If  RAIR'f  ttR 
IM. 

tRI  ITIAOT  llATf  ITICI  INCH  IlfMD 

TR  It  M  TRI  HUM  till.  TH|  OIIPlACI- 
mhti  ittMto  to  at  Mature,  it 

If  (Ml  THAT  1  AVIT  RAO  TO  Ulf  IM  MCR 
IRRCf  TO  OOTAIR  A  ITIAOT  1TAT|  |  Of 
li  to  2  •RCRtMRTAL. 

•2.0 

TRI  HIT  III  IflFMII  RAM1  T  RfAlU 

TOO  110.  1  RtVLO  mill  10  HAff  THE 

IRITIAI  AIIFMII  A  UTUI  fAITft.  TRI 
URAl  RtlFMSf  .R  TH[  ITIAOT  |TAT| 

RAJP’ t  RIAUT  IM  |AR .  BUT  IT  HtMfP 

TO  Mt  THAT  1  RAO  TO  RMl  f  A  HIT 

RAID  TO  ROlO  TRI  6  JUST  BtCAUSt  Of 

TRf  HIATT  ITICI  TORCI. 

1  HO  SOMf  SHIRT  0 If f  1  CUi. tT  IR  FITCH 
AMITUOI  CMTIOL.  FM  f  1*1  FITCH  ATT  1* 
IUOC  CMTIOL  RMfH  MAI  IRB  MALL  lBFO!|. 

TRf  It  RAI  1  UIMT  TtROIRCT  TO  MBILt. 

MA lit  A  IB  IMS  A  *  If  ACT  |TaT[  ACCILflATlOR 
DlM'T  St fR  TOO  RAID.  1  MIBMT  MtlflUR 

THAT  CMTIOL  FIICIHM  IffNfO  TO  It 

TRf  SAMI  II  MTH  POSlTlVf  ARO  Kfi'IVt 
OIIICTlMS. 

<  TM  IMP  MT  PfllOiMtRU  IR  TRI  If| 

T  MAC  ■  IMC.  T  AIR  RAI  HtSORAlU  u  OBI 

1  IttMto  hOmI  Tf  It  ’RA’  1  KAO 

QUI  M  A  T|RDI*l  *  TO  OiUCOI'IOL  V 
'Ml  UR  DC**  IRFU'  till 

W 

10- » 

•  7 

tan  AliFlAM  If  Mt  tM  IM  l  Met 

TRI  If  ICR  f  MCI  1  ARC  tT  1C  I  MtiARI  Mil 

M  TRf  RIM  Hit  1  RAO  RA  Rf liCRRlIRl 
MR9IROII.  I  CR*flO  PVll  J  ••!  tAIIlf 

MU  AURtVRR  tRI  If lC<  f MCt  1  Mil  1 
utfll  HIM.  »ilMHllM  RAI  01  AT .  AIR. 
into  CMtROi  RAI  hit  ttAClIRR 

CAFAillITT  |»  THU  II ifi Alt  RAI  fM  1  V( 

MR#  l  (Mil  Mill  Ilf  IIAFlAHI  TIACI 
FAItlT  MU.  fllllT  IAHRIT.  RltR  MU 

A  ftIT  IUMI  1 1ROtRCT  TR  RtlAIMRI. 
AUiTVM  CMtIOl  RAI  MM.  iMRIfUtlRAi 
CM'IOl  IR  IWRRI  RAI  fill 1 1  ARM 

1  RIO  HAM  A  Utfll  Hftllt  tltmURIRi 

AR  tIACt  IAVI  AT  CUM  N  RflCtRt  iR 

TRI  fVRAI  MM  1  TR  ill  THAT  II  lAIfU  Out 

IR  tRI  IIRIlTIflTT  If  tRI  AltFlAAf 

IT  RIM  IM  III. 

TRf  ITICI  TORCH  MtHtO  TO  If  A  ll T 

M  TH(  HIATT  SlOt  IR  TR|  Iff AOT  ITATf 

A«0  Alio  fill  A  l  1 1  Til  HIM  fM  TH  t 

MAU  AMRliTUOf  IRFVtf.  ITICI  DlSFlACt- 
MRT|  IffMtD  TO  At  A  UtUI  IAI4I 

•  1.0 

IR  it  I  Al  RIIFMSI  RAI  M'M  MOO  U 

COULD  HAff  It  rA  MATH  JUST  A  UtUI 
tf  f  Tf  1 .  IT  0  IDA'  1  MIL  VEIT  ABRUPT  AHO 

1  OlOfl’T  RATE  ART  TtHDIflCT  TO  OTtl- 
1*001  To  SMAI  or.  I  DID  MIL  TrAT  tRI 

ITlCR  f  MCt  I  VI  It  A  UTtLI  HIATT  RUT 

If  TM t  T  VtM  LIRHTII  1  MAT  ROT  H iff 

UftO  Tut  IRITIAI  IftPMSI  tN|  URAl 

HI  FORM  RAJ  A  |IT  OR  TRf  HIATT  |lOf. 
fM  TMI!  TTFt  Of  AIBCBAf  T ,  RMt  ft  • . 

IT  MAT  ROT  II  TOO  BAD.  BUT  |  MOULD 
CCBTAIRU  Fill  f  •  UBMHR  IMCd. 

Pi’CH  UtiTUOt  Ae0  BMMAl  ACCILflATlOR 
CMTIOl  «A|  QUITE  1000. 

' Mf  1  ill t  AR(  I  F( II  OlMAR"  iR  TNf 

AT'  • jDt  'IACI.RS  Till  «AI  6000  | 
f  1 F '  'Mi'  OCCAItOHAiU  IT  '001  f| 

A  I  01  101'!  TO  MAM  AR  Alt  1  TM 
CMAN&t  COULD  MAM  IA'M|I  iABf 

IRFU'I  m.ImOu'  OMUmOO'iRS  Rf 

PtIIOIMIRU  <R  *  M  |  IARDO*  iRFuT 

TIACIIRS  ’Alt  MAS  Ai  10  OUlTf  BM| 

■■■■ 

ARY,  PILOT  B,  FIXED 


~  GROUP  n  ( l/T»t  ~  2. 65,  n)JoL  =  56.2  g/RAD,  f  iP  « 0.7,  Vj  =  685  FT/SEC) 


pi  tnituM 
•  ao«MU 

liTioa  cmtiol 

*11  I TJOI 

Mil  «u 

•*S*S 

0*'*0i  ■  aa(S|aa 

0*  ItNOCM  D < S TUt| *■  (S 

oajici  io*iu  MiTinn 

BtIMtBt  Bi  ISONS 

ioa  *  hot  atiiNOS 

tiHiCuHT  •  ■  MICN 

rot  *  n(  fitcn  rii. 

nunc  stum  inputs. 

V  Maoiact  to  miik 

Mr  sum  team*  o> 

MO.  1  MI6M r  MU'  ICM 

ill  ion  sumo  to  •( 

iNtlTlVi  UO  »IG*!'*( 

«•  m t  B|li  0*H1*  t  »  'll  SU» 

«»  •  *  US*  at;  >|  1  SOB  il  t '  UOG. 

•  sum  *Oh|»I»  '■»'  »»; 

Ov  '1  1  'H.ilH'  '0  Oil  Oi’«0i  ■ 

•n|  •*  is* 

'at  *  i*i*ai  iS  r|*  »  i(s*0«>  >1 

0  -u  tu  »*u’S  i  Ou  »*•!  »  «■<.»  '»! 
Ou»l'  '*u  ais*o«si  a  oii'lti  *ou  o 
-*  l  *01-1.1  »i  *„  '0  *|*ul  *  *«  s 

*•*,*»'  ■  jtnuiac  »0u  »t  jus1  «o» 

*Sll  '0  H4  ■'»  ■  *1*  '  0«'*C.  a  '« 

'«(  SI  «*«00“  >i*u’S 

■ 

■ 

laiars  aoi  Mica  no  iinwnct  Item  ioa 

MiU  INBUIS  ttOIMO  TNI  IB  IN  B01BT  IflO 

Ml*  ?0U  It  a  l  V  lit  «(■*  T  1  ON  T  L  r  IB  TNI 

utc 1 1 no  its* 

ini  tiacatn  is  coNiioutaii  too  tcciBttau 

OUT  i  Think  ii  is  uhs* t  i  Jl *t to**  i  thin*  hi 

Show  to  mat  0*1  TNI  sue*  loacis  i'h  OOiao 

10  Bill  M  t-N. 

>  ioi m* l  team*  cm 
to  00 

‘"1  1 1»*i  u|  s  *1  »|  0 » ■* * ■  (  •  -• 

»"  ’UOI  ’llililu  us*  •i'l  6000  1* 

i»'  '**•  OCitS.Mlit*  1  ’001  Oi  1 
II  '  01  1  OHM  10  m*«I  **  *■  '  ^  '1 

C»*«iil  -  OluO  “Ml  **'"|l  kMj| 

»bv  a  'hOO'  0«(»S«0C'  »l*  •" 

*i*>0*M**  1  «  ’«(  III  >  ■* 

'M(l  ■  ,  111  a*'  4 L  SO  gu*»l  6000 

'at  t  **i*«l  S  **0«l  »l  S*ON  il  'C 

I4NOOM  O.S'UllHtM  ’»*■  "Oi/ 

*1  ll«»t*»<  to*  *  Ul' 

S'U'IU  |]  '"»*  a  'aOu  »«l  1  01 

ats  i/NCOHI  0*  1  *| ,  | 

’ "  1  >•  '  ll  t|  S*0«SI  i  S  GOOD 
lN|l|  S  10  MaOMCt  TO  0*l»- 

SaOO ’  0»  OSC  ill*’!  T»*  3*** 

■  u  ■*>  GOOC 

1N|  S'ICI  >0«CIS  ■(  1 1  SOMINMtl  aifca 
taO  INI  STIC*  HO '  iONS  ■!•(  *  Ill'll 

ON  Tn|  14*01  S-OI 

TNI II  S  *  »!»«  fit*  SUONT  HNOfBC* 

TONtios  bio  <o  i'll  can  it  t  if. 

SOM  SUOMI  INfBOVtHINt  COUlO  II  HtOI 

IB  IN(  4IIB14NI  S  STIC!  IOXIS  4N0 

Stic*  MOTIONS  so  rou  COUlO  OH  HON ( 

BBIC  1 1  ION  NltN  USS  BllOT  moat  I'll 

can  inis  **  as 

TABLE  IY-Y  PILOT  COMMENT  SUMMARY,  PILOT  A, 


SELECTED  BY  PI 


TBI  I  I  MUM  >1  Ulllt  MUD  it  KW  I  A  f'Cl'BG  '"I 
•A  Ml  I1M4IIM  UMD  >M  SIT  MT  it'll  f X*0  it  115  1 


Ill'll 

CUIK'll  ill  ICS 


•  f  1(1  IM|  11  >ll  fOBCi  Ml  I 


«  iirm  bit  hum i m  ib  naaumiiii 


l.l  TM  IllfUPt  II  MM.lT  «B  I  Tf  11(1.  It 
II  Mint  MIIBIilI  AM  TM  IMIM 
II  MM.  TIMIIM  Kill  mm  MM  HI 


r»((a  10  i»f*o?l  MT  1M ID  Oi 

'BACI'BG  0A  fitCB  I  IT  (  C IU1 1 1  1  IT  |< 
lUvC'BG  fa|  STICK  fO*CI  ■  TaOu' 
COMKOM  Siafi  TBf  HtA0»  HIM  HlCl 
fOBCI  ffl  I  IS  III  II  ITIUCUMH 
Mine!  I  CM  IS  CMC  I  Ml  )  .  I  BAHCAU' 
f'CMO  I  SMC!  INC!  Ml  I  HIT  till 
'■I  I  'HUM  STtlKMMI.  ftOTICT'OB 
Mt  COMKVOM  I  SiO  MT  IIACAIBG  II 1 1  'IT 
lOMMAT.  I  «0U ID  RAM  l  MO  inn'll 
I  MCI  S  »0*  MTIf  TIICIlBi  CAfAI'liTf. 


TBIM  til  BO  Itwun  BIT*  Hid  *'»- 

fiKCMfatt.  m  si  1(1  * mcii  1  ticiu 

MM  MTfMIBU  BASIC  lilt  TM  |T*tf< 
TMH  KOTICTIM  IB  Htt«T  •  It 
MTIICH  Mll-Hfl  Ill BMM0  M'  Mdll 
BIM,  TM  I  MCII  f  I  Mil  I  HUM  « 

IB  I  r«M  IM  I  l  UK  BIT  BIBB.  II  1 
1 1 M T|f  WT  M  ?M  t MCtS  TBIM  IS  I 
IIMIBCT  TB  BMIM'll  TM  B  M  I 
Mil -BUT,  MT  if*  TM  BIT  TIN!  I 
MTICI  U.  IB  Tall  Bit  TBf  M'lBBi- 
BIBB  <  1C  TM  1*  rn  IIKCTlM  IICffT 
IM  Tl|  ITIABT  Hill  HICI  IMCI  IB 
I  TBBB.  IT  Kill  Mill?  MM 


t*Al  HICI  IMCI  I  HUCII  Ml  ft  I  - 
M*  I  IT  MTf  BHIBf  I  IT  MIT  I  TB***! 
•IS  BICI1IIIT  TB  |.»(  m  ITHKTHBH 
fBBTKTlM  IB  STMtl'CAl  f*ll-MT|. 
TB  1 1  HIM  Bll  MHIT  MT  TM  BUIfl- 
(BT  f IBM  Mil  I  BOMB  BlTt  flCIIB 
IM  TBf  MUST  B  TMH  TBI  IMCI  I 
flCIIB  Ml  MISMtBU  IM  I  I  B  III 
HIM.  I  Dll  Ml  Ml  TBf  IKUI4  TBIT 
•  Ml  BfTT'M  MT  IffBICIMK  STICK 
1 1  HUC (Mil'  I . 


TM  III!  Ill  HJIOBJI  Of  Th|  A  1 1 1 L  IB  I 
TIBDS  TO  M  IMIWU'  l  <  UG6  >  $B  T0u  (BO 
U»  SMT  01  full  III  AID  MlIISiBC  T  m  f 
IMCI  II  0*0(1  TO  61'  in[  1 1  If  LIB  |  >0 
•BUI  'OU  BUI  if  'OU  PVU  '00  Nile 
IT  S  Ollfirvil  TO  ICB'lTl  I  SMOOTH 
I  IBIl  MUMSI  BI'BOUI  I  UBOIBC*  TO 
BOIIl  I  MfOX  It  St  T  t  v  I  S  DOM 


'  O*  SN*1 !  C0TII  0«  *  OB  (  lOu'  *( 
»VlllO  '0  nill  *0u  b IB ’  '0  GO.  Tn| 
IiTCb  A'li'i/DI  aid  B0»na.  ICCflUH'OB 
COB'IOi  1 1  Oil*  "id  1  MB0IBCT  TO 
OillCM'tOL  B  t  Vfliiss  MidSI  TM 
S’  1  Cl  fO*CI  0*  1  Bin  1  uibf  IT'  1 T no ( 
CMIBGI  "  ?0u  00  Tbugs  5 1 Obi <  SO  tk»t 
T0u  III  BO’  l(iU>  US  I ■«  T»r  SHCI 

hhoo  otiiHics  •  dob  in  iRTinBG 

Ol’l  I  Mi'll 


TB(  If  >  T  I  ll  1(1  CO*  If  IS  |U  1  '  I  IOOC 
9UlT|  Otic*  Bui  BO'  OMBIT  UBJlTlT 
IT  MH  Kill  MOD.  Tb(  f  1  Bll  Ml- 
mil  BtBITll  nuill  BlCIlT 


1  BIO  GOOD  COB'IOi  OT  l"'00t  IBD  G 
«0U  (OUlO  M  TlIT  fl|C  1  SI  '■  TOUI 
III.  TT  to  Tl/’  |B|  lost  BN(  l(  T0u  VOUIO 
till  1  TBOOGN'  NT  Hum  TO  fuu  liD 
BOlO  6  Bll  TUT  Cl 000 


t«<  'lie*  >BG  '  t a  III  IS  M It 
flic  '  St  »0U  CIB  HIM  IT  s 
<00  all'  ’  IN l US  TOO  M 
uf  ’OUI  COB'IOI .  '«(•(  IS  It  I 
Mill!  1  DIO  B01ICE  f  DA  l(«| 
TOO!  CMTIOl.  I  COVlO  IBOVCI  I 
BOB  III  T(bD(ICT 


TH(  IBM  >ti  MSfttSt  ll  MOM*  9UICI 
IT  l|  lift  TM  Tail  I  Tf  I  NllSIOB.  Tb( 
nail  MlfMH  0«IS  B  IT  I  IMS  tl'BBT 
BOBIU  BMrlTd.  TM  Till 

•  'HIM.  M(M  TMfM  BOUlO  II  BB  TflT 
BUO  HIBIfl  T(  I  M.  I  TBIBI  Tat  IIIRMSI 
■  I  BUT. 


•  T • »  1  1 1  ci  uifiMt.  h  i  fatciii  <b 

TIM  Of  CMTtSU II 1 1 1  TT  fM  TBf  TYfl 

Hilt  IM  TBM  HMlA  (IffCT  TB  fftfMH.  I 
BIB  MTICI  TBIT  If  TM  TIB#  T|  M  Bit? 
AM Hfl  HU  m  HtfUM.  TM  HAH  TB 
MT  A  HURT  BBC  I  HAT  I M  CtffflM  IBT| 
TM  RtBfMIt .  I  BM'T  mill  TlIT  TM 
MM  M  flTlHB  TM  AllfLAM  U  TlBKT  || 
I  Ml  MCI  TBIH  BMKKI  IHBMB  M.  M. 
MtBAU  TM  AIBflMI  Ktll  BMB.  M 
MIIH  MTTIBB  T|  AMI  AtTiTSM  AM 
■StllM  IT.  M  miCM  VITB  LIMIT*. 

•  nil  CMTSSi  ta  TMHI  U  IBM  Al  TM 
IBfVTB  MtM'T  IUUI  ABMfT  CUM  IB* 
AM  NKINIH  TMHI  BMMI  M  fOBSKM 


HBfVAM  II  MT  TM  BAB  AS  IBM  Al 
TM  CM  NAMI *(■  HBMT  Mil  BB  UUT 
NIMH  fB  I  Cl  CBMtCTIBM.  AM  flT  IB 
BM»m  All.  TBM  MTIMMCI  Mill  I B- 
•AT||  TUT  BAflKT  Mt?  MUM  MU 
AMHTT  IHBVTI  M  MO  f  IT  IBB  II  TMBB* 
IMCI.  TMH  Ml  M  lit  AT  fBMKH  *ITB 
TBHMIM.  T«  M  KM  TB  Ml  A  UTTII 
BMSU  f*M  TM  AII*Mf  MCI  MUM 
fUT  TUB  CMMfl.  TSUt  Ml  M  f»B- 
BUM  BCf  MIM  TM  TIIH  CMBHIM  All- 
Iff  IB  CMTABl  MB  fAIIK  MB*  .  ABIl  ITT 
re  AC B* ' At  AM  ITABHIII  M  A  BU 
AIT  I  TIM  MB  SMB.  M  fMMM  HIT* 

IBM  l  TIP  IB  Al  CBHTBM.  IB  TMHI  mil 
II  A  BMC  I  At  fliriM  TICMlfM  IB 
THAT  TSB  lift  n  ACCtfT  L1BI  BAflB  CM 
TNI  IHfVTI  T*AS  TM  MHO  lilt.  TM 
UVf  TB  I  AM  lit!  Til  M3  AM  Mft  TM 
MT  MAT  TM  MPT. 


THI  AllfUPt  II  IP  fM  BMtOMABU  I  TM  ST  1C  ,BBCII  Mil  MMMIMB  IT  kt.l  I  TB(  ililltl  IllfBBII  TB  T*(  filBT'S  I  ta(  iBUiti  f  1  ten  ACCIltAH'OB  UD  I'CB 


TBI  IT  'Cl  flK(  I  IIUUB  H  HI  H 
TIIH  B(|  HllCAUt  r  BTtflHlttt  CS* 
HHII  IMI  IB  A  GTMTBICAI  Mll-MT 
■  flit  Till  KTl l  B t  fBKt  HAS  Bf  (MB 
'•  Ittf  HI  ftm  M(MS-IM  TM  AIB- 
AlAPI  I  BUT'  MTICI  APT  HICI  BIS- 
flACIMBTI.  1  fill  *|  IMM  I  Ml 
f  lT  'M  HBH  IT  BT  f  BPCt . 


TBI  ll  1 1 1  Al  MlfMH  I|  T(IT  Bid.  IT  • 
II  IMMTR  AM  ftlC'll  I  TBIBI.  IT  1! 

BBT  IlMBiMi  MB  It  II  Ml  OTfllT  BU¬ 
RMA  Iff  TM  UIAI  BISfMK  ll  M(l( 

TM  B  ITT  'CJflTT  HAITI.  If  TS*  Mil  A 
WOPtB.  Miff  llfvt  TM  TIM  T|  Mt 
Ml  M  TM  MBBIII  IffMI  TM  If TTl| 

BMP  M  TM  tIBBI t .  If  TM  CAB  IBU 
HBHf  BBTO  A  'AiBft  flTMVT  HAI1BB  APT 
LAST  HiMT(  CB*I(C  IMS  TM  MB'  T 
Iff  fill  BBMK  BBHfTtl.  fM  MU 
PITCH  CMHCTlMI  M  IB  CMPM  TAiM'S 
AM  AC*Hl(  A  MB  HH .  TM  OffllltflT 
Bill  Ml  TBfM  MW  If  I . 


1 0A  S  i  OHM  Htfuuil  IG  '  ' 0U ' Af  UlllG 
1  a  TO  A  '  >»&(  >  ABC  D0>  ’  BATl  '0  HA  I  f  ABT 
US'  COPPI C  B,  TM  'll.  *  A  1 1  T  fpf  C  1*1 
K  t  0U  00  MID  '0  DO  '•*  'BBS  A  U'llt  f  A 1 T  ( A 
Tb|*  too  Bui  If!  A  lliDUC  <0  Off* 

IBBOt  A  mill.  I  .‘JB  I  IRIBI  TB  AT  ABT 
0A  TBI  1 H  f  U '  S  TM  1  BOt.O  II  fVT'lBG  IB 
MtlBG  A  B0BMA.  U  1SI0B  HOlllO  II  SlfCB  TBi' 
Til  SUIN'  1011. 1  Tf  HOI  HC  T  HMlD  SNOB  Uf 


»I»CB  Atti'uoi  COB’IOI  BAS  6000  Al  10M 
AS  TM  MAPVUII  UMlT  UD  SnOO'-i* 

TM  BB .  BOHITIR  NA«(  t  BOBli  >■(,  'la..  .1 
If  TOV  TIT  TO  M  AMUNI  BOA  HA  l  ACC  f  V I  f  A  T 
CBBTtSl  II  UIBH  BBBB  S'»CI  'ft  BM'T 
BOPHAllT  RATI  TO  NAM  A  lO'  O'  SHAll 
CMlfCT'Ml 


IT  BU  A  MM  BtlfMia  MT  TMM  ll  A 
HIMT  TfMCKT  TB  IMMI  IB  flTCP  HIT* 
TfMT  CMTWl 


MAT  I  flit  Ml  KflHB  f«  ITBHC  fBBAl 
ftBTICtiM  If  A  ITMPIl'CAi  fBU  MT. 
CBPMfMlUT  THf  HICI  f«PCII  All  A 
lITTLf  IH  II  TM  ITUfT  IT  ATI  MT 
THfT  Uf  ACdftiPK  TM  |T|(|  f'S- 
flACCJOITI  Mft  MT  MTiCUBK. 


nrjT  II  I  s I Cl  fill ibb.  TM  MT  rat 
patch  iati  tm  i  nil  t*  hi  i*  tbi 


a  ATI  Hfp  IITUBAl  AMO  TBI  AllAOflSi  l| 
M'  10  AWuM  THAI  If  1  Al  111  TOO  MO 


flBAl  AiSRMH  TM  T(M  TB  M'  A  CMfll  I  It' I  I 


10  llUBB  1  IP  THAI  TM  All  BAv  IBB  Tf 


•f  MIIIHWU  Mf Ml  It  MTTill  OBHH 
If  TM  Ml  MIAIAIBIBB  tiwt  CMTIOl 


fvu  B'tB  A  MT'CIABK  f MCI  IlfOBI  TBI 
BOH  Will  BOPMAl  ACCIKRAT'Oa  COBTIBl 
II  TUNS  *1  #*UB4  I  HI  APT  «  l|  •«  MOOllH 


1 


■ 


CM  Tl  0l 


.  MC(  »0U'vE 
M>T  to  00.  THE 
INAi  ACC f  L[  lit  to* 

|  IS  4  Tf*Dl*C»  '0 
II  i  RELEASE  the 
I  URGE  ATTiTUOC 
MS  S l Owl t  so  that 
IM  the  short 

I*  T  SEE  MYTH  lie 


SELECTED  3Y  PILOT  GROUP  I  (l/z. 


1-29,  ^^16.5  g/RAD,  jf„  =  0.7,  vT 


411  FT/SEC) 


ITT  l  T|fO( 

TCACIlil 

T4SI1 


W 


COB'Rfl  NdIKI 
•  AM  RM  mitUllAICil 


(AfOlAlLi  Mi  UIES 


MJiCIlMAlLl 


MATURES 


Ml*>«l  KAMI 

rot  pilot  tiTiMt 


OH  THE  STEP  A’  TUDE  TIACIIRG  I  AVI  YOU 
SO*  IT  ACCENT  THE  PATCH  MT[  ’OU  lit  AiO 
HA«E  10  ART  1C lPAT(  Htifll  YOU  *411  TO  S  ’OP 
A  HO  RELEASE  tOU«  IRHWT.  0*  THE  0Tm(I  T  AS  I 
MREAE  I  NAVE  10  ACT  AS  A  CORTiRUOVS  P*0- 
PORt i MAi  CONTROLLER.  I  Cai-t  do  a  VEIT 
0000  JO*.  If  I  STAT  IR  Ire  CORTIOl  LOOT 
COHTiRUOUSLY  I  T(I0  TO  OSCILLATE  IECAUSE 
I'M  HOT  01 T  7  lie  THE  IRITIAl  RISPORTE  I 
TNIRI  I  BART  AT  TIMES.  I  (ROEO  Of  SO*  t  OF 
PULS  IRQ  THE  CORTIOL.  ARO  RAITIB*  TO  SEE 
MMEIl  IT  iAS  60  IRS  AIO  PULSED  IT  TO  STOP. 


i  0 1  OR  i  IE  Ally  SEE  A  whom  lO<  0» 
OlJTUMAICE  R  THE  AlRPlAII  AS  A 
IE  SOI T  Of  THE  liROON  0  i  S'UMARC  f 
IT  HAIOlY  AffICTEO  MY  CORTIOl 


i  T  *  S  0000  H  t  nE  SfHSE  That  TnE 
A  I A l A* f  s  HO'  OSC  I  LLA'ORY  ARO 
0*Ci  IOU  6i  T  IT  HHEIE  TOU  MART  . 
IT  >S  SOLID  ARO  BICE 


r  eii'iie  RiEii  you  rar'  it  to  eo.  the 
AHPiAHE  IS  A  l  I  T  III  MOIE  SlUGGS*  Thar 
«OUIO  HIE  IEULY  HAD  <0  COM- 
AROM 1  si  MV  TIACIIRG  AlHtTY  |T  MAI  IRO 
’Rf  STIC!  » DRCI  S  Rl  A  v  i  E  *  ’HAH  I  MOULD 
ml  to  vi  STiuc tubal  aiO'ECTiOR.  it 

you  START  10  EASE  RIO  A  HIGHER  NA- 
•  EUVll  YOU  KRO  10  OVEISHOO'  VHAT  YOU 
IRIMAUY  Trim  you’ll  GOiRG  TO  GET. 


'"ERE '  S  HO  A  0  'EROfRCY  hiTr  Tr|  MlATIO 
STIC*  T OR C I  All  G  I  Cl •  T  A  iRLY  do*  I  A  ( C L  TM( 
AIRPLANE  is  sat  I  ST  AC  TORY  .  ROME  « *  I  YOU  CAR 
COMPER’ATF  FOR  Tr|  i AC i  OT  RESPONSE  »Y  PuiURG 
HARO  ARO  KlCASlRG  YOU!  llRUT  AS  YOU  APPIQ4  C  R 
THE  Of  S  RE  0  AMi'UOE 


■TTITUOE  ARO  e. 

■  •(  I.  TORI 
m  MERC  YOU  MOULD 


I  HA  TRAC  1 1  R|  I  thirS  IS  REALLY  rice.  REAL 
PRECISE  YOU  CAR  MARE  IT  STOP  RIG*'  WEII 
YOU  iAR  IT.  UHlESS  »RU  IEAUY  TIGHTER 
UP  YOUR  CORTIOl,  THERE  IS  II  MlDERC’  TO 
ROGUE  .  I  DID  ROT  ICC  TOR  1(11  TIGHT  AT  T I  - 
TUOE  CMTROl,  I  COULD  HOUCE  A  llT’lC 
WHILE  1ER0CICY. 


I  FELT  THE  MAGNITUDE  OF  THE  RAIOOM 
IRPUT  Ris  ROT  OVERLY  HI|M  ARO  I 
DIOR  T  SEE  ART  PROlLEM  IR  TIYiRG 
TO  STAY  Ml  ?H  TN(  A  UPl  ARE  ARO  P|  I - 
T  ORM l IS  THE  TASAJ 


THE  AIRPLUE  is  y(«y  lESPORStvl 
’OU  SOU  OT  THIRI  MMAT  Yfu  MART 
ARO  IT  RAPPERS  ’HE  DAMP  1*6  IS 
GOOO  ARO  TO*  MOST  MANEUVER  1R| 

there  is  *o  teroercy  to  rogue 

ARO  the  tiACliRG  S  PRE’TY  GOOO. 


ElCEPT  FOR  TNI  SUONT  TEROERCY  70  lOHlf 
SOME HMA7  MM| ■  YOU'RE  RE  At  L  Y  TRYING  TO 
PIN  DOM  A  TARGET  RMiCR  IS  SQMEmnAT 
S  i DC  Of  IRE  SCOPE  Of  THE  AIRPLANE  I 
CAfl'T  SEE  ARY  REAL  OlJE  C  T  i  ORASlf  FEATURES. 


TRiJ  ORE  i»  CLRTAiliY  SAT  i  SF  AC  T  M*  »  OR  THE 
Mi  SS  1 0*  i  IEAUY  MOUIDR'T  AS!  Mu'  ARYThIRI 
■  f  A  I IEO  ROMtYEf.  IECAUSE  tHiS  SU6*T  TIRO- 
ERCY  TO  Mill  f  THE  A  l  R  PLANE  is  PRESfRT.  IT'S 
EBOU  R  TO  0>0P  THE  RAT  III  TO  A  lO*  SATISFACTORY 


I’  TOU'lf  EASIRI 

T  RAVE  TO  RARE  ARY 
fill  TAlRLY  PRECISE. 
IRIHS  A  LITTLE  FASTI! 
IMIRCT  TO  OvlR- 
1  TRIRI  that  any 
■ULO  IE  PUTTIM  IR 

■  MOULD  N  SJCR  THAT 

KRCY  ROULO  SROM  UP. 


I  DIDN'T  NOTICE  ARY  OUT  IT  ARO  I  R|  PROlLEMS 
IR  TR(  TRACI III  TASKS.  ASA  IB.  IF  YOU  TOICE 
YOUISELE  TO  HALIT  OR  V E  THE  A  RPiANE 
RAID .  TIER  YON  CAR  SEE  A  KURT  TEROCRC  t 
TO  OOIRLE. 


I  0 1  M  '  T  TEEL  THAI  THE  RANDOM  0  I  S- 
TUMAAKES  MERE  HIRDEURI  MY  P|J. 

F  ORMAN C  E  TO  ARY  |t(AT  ||T(RI.  I 
DIOR'T  Fill  THAT  THE  DYNAMICS  Of 
THE  AllPLANE  WERE  CAUSIRI  ARY  If. 
AS4ERAT  i  OR  IB  TNf  MGRAOAT I  OR  Of 
CONTROL  DUE  TO  TRI  RANDOM  INPUTS. 


GOOO  FEATURES  INCLUDE  (HE  PRECISE 
RESPONSE  AIO  The  MOO.  Tight  cor. 
riOL  YOU  RAVE  MMEI  TRY  IRS  TO 
NAIEUVfl  OR  IR l T I  ATE  A  MANEUVER. 
Tr|  STICK  FORCE  AND  AIRPLUE  It 
SPOKSI  SEEM  10  SO  MILL  TOOfTRfl 


THE  ORLY  OSJICt lORAIlE  FEATURE  MOULD  IE 
THE  SL 16* '  TIIOIRCY  TO  OOGIIE  MHfl  YOU'RE 
MAIRTAIIIIG  E  I T  RIME  L  Y  I  ;  G*  T  CONTROL. 


It'S  ROT  A  PIO  RAT  IRQ  OF  I  IECAUSE  Of  TH I S 

slight  teroercy  to  iosiu  mrer  you  re  maurg 

AMUPT  MAREUYltt.  I'LL  RATE  IT  A  lj. 
i  MOULD  RATE  it  AT  THE  BOTTOM  (NO  Of  THE 
SAT i S  F  AC  TO*  T  REGION  RIALl/lHG  HUT  IF  YOU 
TOY  TO  OR  i  Ml  TRI  AIRPLANE  A  LITTLE  IM 
RAIOCI  IR  Th|  MISS  Om  TRER  YOU  MILL  SI! 

THIS  MIKE  I'LL  RATE  IT  AH  A-J 


RAJ  GOOO  AS  LIRG 

UO  SMMTRLT- 

*  roogl  iri  r i*.::.;v 

r.  RMM/L  ACCf  LEGIT  I  OR 
••■ci  yon 

i  LOT  Of  SHALL 


IF  YOU  MART  TO  DO  THE  TRACI IRO  RITH 
ARY  DEGREE  Of  RAPiOlTV.  YOU  JUST 
CU  T  GET  ARAY  FROM  THIS  GOOGLING 
TERDCRCf  OR  THE  |T|P  IRPUTS  I  fOviO 
MYSELF  IYER f*OOT  IRG  ORCC  01  TNICE 
iff  ME  TITTLIRG  OR  THE  ■(>  ATTITUDE. 
0*  TNE  RANDOM  INPUT  TRACRIRl  i  FOURO 
It  ALMOST  IMPOSSIBLE  TO  STAY  R I *"  Tr| 
TRACI  IBS  REEK!  SINCE  I  HAS  IOGOURG 
AROUND  CONSTANTLY. 


MY  IMPRESSION  AFTER  FLYING  T* I J  AIR¬ 
PLANE  IR  THE  PRESENCE  OF  HAflOOM  0 1 S- 
TURIANCfS  IS  THAT  THE  AIRPLANE  MOULD 
If  VERY  DiFF.CULT  TO  COR’ROL  IR 
TURRULERCE  YOU  OOULM'T  If  IKE  TO 
MARE  JMAU  CORHC'IORS  I  TRIRI  -OU  0 
JUST  HAVE  TO  EASE  INTO  THINGS  SIOmiv 
AND  HOPE  YOU  COULO  STAY  01  Ir(  FAlGft 
LONG  (ROUGH  ’0  TRACI  l(fM(  T*(  TUI- 
•UlEKE  (OUNCE 0  vOU  OFF 


THE  A  iRPl  ARE  IS  IRITIALLT  IJU  i  >  ( 

RISP0H5  YE  YOU  CAP  MAINTAIN  AH 
AtriTuOE  VERY  NICELY  as  long  AS 

there  are  *o  o  htummces 


'Hi  ROIIciRG  TfiDERCT  FOR  small  INPUTS  AND 
'Nf  COH'tOi  IR  TuilULERCE  ARE  00  J I C  T  lORAK  E 
(EA'uRES 


PIO'S  ARE  USUALLY  INDUCED  RMER  »0U  IRIMATE 
AN  AIRUPT  MANEUYlR  0*  ATTEMPT  r  IGHT  COR'ROl 
IT  OOESR  T  TARE  CONS  DEIAILE  PILOT  A'TER- 
T  i  OR  IU  T  YOU  MAY  HAVE  TO  SACHflCI  PERFORM¬ 
ANCE  IECAUSE  YOU  MAY  HO'  IE  HIE  TO  STOP  THE 
ROSE  RTNERE  TOU  MAN T  IT.  I  MOUlO  RATE  IT  A  J 
The  AIRPLANE  l|  IR  IH(  UNSATISFACTORY  REGION 
IECAUSE  Of  ’"Ell  OSCILIATMY  MOT '0*S  •  FEE,. 

you  COULO  00  THE  MISSION  RITH  The  AiICRAFT 
■  M  GOING  >0  OOUGRAOE  This  CORF  i GURAI  iOR 


MAINLY  out  to  TR|  PERFORMANCE  YOU  COUiO 
EiPECl  ii  TUIGVlERCE  I  FEEL  '•  mOulO  IE 
VERY  difficult  to  t»aci  PRIC  sely  i'll 

RIT(  IT  AN  A  - 1 


Ill-ITIM  UD  PITCH 
I.  TRI  res  poise  II 
ITUUEI  TOU  UP 
Ml  YOU  iff  HAVING  TO 

reeci  m<me  tr< 

UlATiGH  CORTIOL 
HURT  G  II  N  PRMUM. 


MM(N  |  FIE*  TNE  TIACIIRG  »J»i  ■' IR 
*  LOWER  GAIR  I  RIO  BO  POOIUMS 
HOMfVll  WEB  I  TIGNTfRiO  UP  0*  MY 
CRHTIOL  GAIR  I  AID  I  GOItl  IRG  TER- 
OIRCY. 


.  OlOH  T  FEEL  Thai  IHEIE  RlS  U»  Of 
TERiORITiOR  Of  MY  PfRF ORMUCE  OUE  TO 
UT  INTERACT  iOR  OETIEER  (RE  IIIPLME 
dynamics  Ml  the  RMOOH  NOISE. 


TnE  AIIPlARE  P  If  S  VERY  IESPM- 
livl.  ORCE  YOU  RE  STAOlurED  M 
TARGET  TRI  liRPLUE  IS  SOuO 


IF  YOU  FRY  TO  CLOSE  The  loop  TOO  TiGrTly. 
YOU  GI*  I  SAUL l  lOillC  (SPICIIUY  RMER 
YOU  RE  TRYING  TO  Pli  DORR  A  TARGET 


TiUS  IS  I  SOUR  P 1 0R  OF  7  UNOESiRAIll 
••’■OHS  00  T(H0  to  OCCUR  Mil  Ih|  Mi  LO' 
INITIATES  AIRUPT  CMTROL  GU>  Tn|y  CAR  IE 
(UMIRATEO  W  PHOT  TfCHR  i*U( 

THE  Of  f  I C  » IRC  (I  I  SEE  ARE  niiO*  ARO  D 
LHI  TO  SEE  (HER  CRUGEO  GUT  '  CM  00  IRE 
MISSION  I  „  .III  10  SEE  THE  IOR FilS  >■ 
THE  fiRAL  IE  SPOR  ST  fliED  I'Ll  RATI  "  U 
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TABLE  H-H  PILOT  COMMENT  SUMMARY,  PILOT  B, 
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SELECTED  BY  PILOT  G« 


TABLE  U-YB  PILOT  COMMENT  SUMMARY,  PILOT  A 


SELECTED  BY  PILOT 


nt  AIIIUM  |  UIMMI  It  uni  IHTlAi 
IV;  IN  lift  A  LIT  *  ITICI  TUMI.  TM] 

Ma  i  «i  a  mm  mium  rat  bmm  tm  t\ 

It  MIN  It  M. 


I  TMOMI  T«AT  TM  AllfUM  ia  MK»l 

mi  fain  mu  Rum.  i  mi  tin 

MIC  I M  M  IM  1  MCI  IN  TIB*.  I  CtBlf 
MU  HU  MU  CM  a(  CM  Ml  AM  tUUT 
HIT  M  TM  TAUIT  TIIT  (it  I  IT.  Tl( 

mu  rain  mt  faiit  ia  ht  uun  ii 
tbii  TiMfKT  nami  i  immt  mium 
ia  Tti  can  mi  tmii  in  xn 
mhbiti  am  bmiciabm  itici  mt.mi. 
i  Ma 1 1  ram  ran  mi  mum  mm  tm 
mci  rate  m  «*cuu  iiauMtiM,  mi 
it  mi  ractt.  m  it  mi  Miicuati 
M  raaoitM  ia  tiimim.  iiaarria 
cMitai  mt  aaaa  m  waui  aira 
iititbm  caaraai.  mtr.m  Ma  Tt  mt 
MMT  LaaairiaiaAi  can  mi  ia  ratal 
ucirr  tmt  i  «i  tmt  iraiT  mium 
aaa  I  W  Tt  ■  •  II  TH  TVM. 
CUMIM  m  tCKIMiM  TIM  I  MMI 

m  itnua 


ran  u  fciu  »  aici  mium  mruii. 
it 'i  «n  mn.  MiaiT  mimbiiti 
aar  mt  tvtiu  tut  bm  tm  uaa.  tm 

TIIM  I  IMICIUIT  im  II  TM  TRACI  - 
CUMIUTT.  TMII  I  M  TIBMtCT 

Tt  aatau  it  iu  vaa  cm  mu  mu 

CMKCTIMI  IM  »T*T  IT  ll|«T  Mtl 

tm  mbt  TI.  n'Miiun  tm  in- 
irtit  caarm  abi  aaaa  htitbm 
CMTlBl  BU  M  MIIT  11  III  UTlUM 
CMriat  au  aaaa  ibmitmiui 
caaraai  ia  raaM  mi  but  nun  ran 
IT  MIMI  Ta  M  TMT  TM  IT  ICC  FBBCd 
ia  TM  TWN  MM  I  UTTLI  Min. 


tm  Riaruaf  n  fam  hicik.  triim 

latlPMUU.  TM  Mam  ll  aaM  IM 
tmh  ii  m  TiMiaci  ra  aaaau  laaaaa 

I  Ml  i Cl  Tli  NUIM  •  i  M IIIAC I  M  TMII 
TM  UTCR  un  Ml  a.  tm  a  mim  TI 
CBM  M  1 1  MB  T  AMT  Ml  IT  BMM'T 
MIUT  MTMI  M 


am  it i tin 
caAiicriiifTici 


tm  cr icc  raced  mu  mucur  h 
itrtiBT  aid  i  tmii  im  tm  i  i  min 

II  I  PMCTIlUl  PTll-l*  MM  TI  I . 
tmt  i <m ■  I  mi  tm  aattuaciiK 
IB  TM  ITIMV  ITITl  IM  ITICI 
aiirUCUCITI  MU  TUT  MT>C(Alli. 

tm  mar  an  i  incn  uium  ia 


Mtl 


tm  itici  rated  mu  micno  Mi¬ 
nt  i it  raa  itmktmii  raiTicriaa 
actiM  iTMcraiui  rau-aan.  i 
aiM'T  mi  tbit  ran  mu  an  im 

au  tm  wrolm  mmicmn  i 
mct  ratal  tm  Man  «  mum  tm 
cam  ica  i  mci  Taiac  tmii  bbou 
m  m  riBMccT  ra  mumti  tm 

1 1  tf  LAM  I  CHIB  l((  IM  Mil  TBI 

•tici  BiiructMaTi  ana  ran  caa 
naaairiaa.  i  cam  i  itmt  rituac 

IB  TM  CMTMl 


ccmi  rat  itici  fmci  n •  «  aa  ran 

CMMBCCATIM  I  Tldll  IT  II  atttl 

ra  tArnrr  tm  itmctmai  rMncrna 
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